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REMARKS 

Applicants reserve the right to prosecute non-elected subject matter in subsequent divisional 
applications. 

Claims 3-13 and 30-45 have been canceled. Claims 1, 2, 14-29, 46, and 47 are currently 
pending in the present Application. Claims 1,2, 17, 18 and 46 are actively being prosecuted, having 
been elected with traverse in the response to Restriction Requirement filed October 29, 2002. Please 
note that claims 1,2, 18, 25 and 26 were amended in the response to Restriction Requirement filed 
October 29, 2002. Applicants request acknowledgment by the Examiner in writing that said 
amendments were entered into the record of the instant Application. 

Re joinder of Claims 

Applicants continue to request the rejoinder of claims 19, 20, 23 and 26-28 which are "method 

of making" and "method of use" for the polypeptides of product claim 1. Therefore, upon allowance of 

a product claim, it is believed that claims 19, 20, 23 and 26-28 should be rejoined and considered in 

accordance with the Commissioner's Notice in the Official Gazette of March 26, 1996, entitled 

"Guidance on Treatment of Product and Process Claims in light of In re Ochiai, In re Brouwer and 35 

U.S.C. § 103(b)." See also MPEP § 821.04 Rejoinder which states: 

if applicant elects claims directed to the product, and a product claim is subsequently 
found allowable, withdrawn process claims which depend from or otherwise include all 
the limitations of the allowable product claims will be rejoined. 

Amendment to the Claims 

Claim 1 has been amended to include in claims 1 b) and 1 c) recitation of, "said polypeptide 
having DNA binding activity." Support for this amendment can be found throughout the Specification. 
See for example, page 4, lines 7-10, (Applicants identify SEQ ID NO: 1 as a prostate associated Ets 
protein), page 1, lines 15-17, page 2, lines 1-2 and 12-13 (Ets proteins have a characteristic Ets 
domain which binds DNA) and page 17, lines 1 8-27 (Ets domains identified in SEQ ID NO: 1). These 
amendments are being made in order to expedite prosecution and not for reasons related to 
patentability. Therefore, Applicants respectfully request entry of these amendments. 
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Objection of Claims 2, 18 and 46 

Claims 2, 18 and 46 are objected to for being dependent upon rejected claims. Applicants 
request said objections be held in abeyance until allowable subject matter has been identified. 

Rejection under 35 U.S.C. §112, first paragraph, written description 

Claims 1 and 17 were rejected under 35 U.S.C. §1 12, first paragraph, allegedly because the 

Specification contained "subject matter which was not described in the specification in such a way as to 

reasonably convey to one skilled in the relevant art that the inventor(s), at the time the application was 

filed, had possession of the claimed invention." The Office Action asserts that: 

0 There is insufficient written description to show that Applicant was in 

possession of a polypeptide that is 90% identical to SEQ ID NO. 1. . . The full 
scope in Applicant's invention encompasses making any one of 20 changes to 
any one of 33 amino acids (20 known amino acids and 90% identity would 
allow one to change any one of up to 33 amino acids in a 335 amino acid 
protein). 33 20 changes leads the full scope of Applicant claimed invention to be 
upto [sic] [33 20 ] polypeptides. Does Applicant contend that the written 
description of one sequence describes a genus of 

2345734188103679287078463273601 polypeptides, just because they have 
claimed the sequence? The Examiner disagrees. (Office Action of July 14, 
2003, page 2); 

0 In addition the term "biologically active fragment or immunologically active 
fragment" would include an essentially unlimited number of undefined 
compounds. (Office Action of July 14, 2003, page 2); 

° For inventions in an unpredictable art, adequate written description of a genus 
which embraces widely variant species cannot be achieved by disclosing only 
one species within the genus. (Office Action of July 14, 2003, page 3); 
[emphasis in original] 

0 Applicant has no written support for the term naturally in the specification or 
claims as originally filed. (Office Action of July 14, 2003, page 3) 

These rejections are respectfully traversed. 
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The requirements necessary to fulfill the written description requirement of 35 U.S.C. 1 12, first 

paragraph, are well established by case law. 

... the applicant must also convey with reasonable clarity to those skilled in 
the art that, as of the filing date sought, he or she was in possession of the invention. 
The invention is, for purposes of the "written description" inquiry, whatever is now 
claimed. Vas-Cath, Inc. v. Mahurkar, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991) 

. . . Mention of representative compounds encompassed by generic claim 
language clearly is not required by Section 112 or any other provision of the 
statute. But, where no explicit description of a generic invention is to be found in the 
specification... mention of representative compounds may provide an implicit description 
upon which to base generic claim language. In re Robins, 429 R2d 452, 456-57, 166 
USPQ 552, 555 (CCPA 1970) [emphasis added] 

. . . [I]t has been consistently held that the naming of one member of such a 
group is not, in itself, a proper basis for a claim to the entire group. However, it may 
not be necessary to enumerate a plurality of species if a genus is sufficiently 
identified in an application by 'other appropriate language. y In re Grimme, 
21 A F.2d 949, 952, 124 USPQ 499, 501 (CCPA 1960) [emphasis added] 

Attention is also drawn to the Patent and Trademark Office's own "Guidelines for Examination 
of Patent Applications Under the 35 U.S.C. Sec. 1 12, para. 1", published January 5, 2001, which 
provide that: 

An applicant may also show that an invention is complete by disclosure of sufficiently 
detailed, relevant identifying characteristics which provide evidence that applicant was in 
possession of the claimed invention, i.e., complete or partial structure, other physical 
and/or chemical properties, functional characteristics when coupled with a known or 
disclosed correlation between function and structure, or some combination of such 
characteristics. What is conventional or well known to one of ordinary skill in the art 
need not be disclosed in detail. If a skilled artisan would have understood the 
inventor to be in possession of the claimed invention at the time of filing, even 
if every nuance of the claims is not explicitly described in the specification, 
then the adequate description requirement is met [footnotes omitted, emphasis 
added] 

Thus, the written description standard is fulfilled by both what is specifically disclosed and what 
is conventional or well known to one skilled in the art. 
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A. The Specification Provides an Adequate Written Description of the Claimed 
"Variants" of SEQ ID NO:l 

SEQ ID NO: 1 is specifically disclosed in the application (see, for example, page 4, lines 7-11, 
page 17, line 12 to page 18, line 10 and Figures 1A,1B, 1C, ID, and IE). Polypeptide variants having 
at least 90% identity to SEQ ID NO:l are described, for example, at page 18, lines 15-18. Moreover, 
the Specification at page 7, lines 17-20, defines "PRAEP" as "the amino acid sequences of substantially 
purified PRAEP obtained from any species, particularly a mammalian species, including bovine, ovine, 
porcine, murine, equine, and preferably the human species, from any source, whether natural, synthetic, 
semi- synthetic, or recombinant." Hence, by referring to "a naturally occurring amino acid sequence at 
least 90% identical to an amino acid sequence of SEQ ID NO:l, said polypeptide having DNA binding 
activity" it is apparent that the inventors contemplated naturally occurring variants of SEQ ID NO: 1 as 
opposed to variants created in vitro, i.e., those variants known to one of skill in the art to be 
synthesized, semi-synthesized or produced by recombinant methodologies. 

Additionally, the term "naturally occurring" is a well-known term in the art which Applicants 
intended to be used in such context. As such, no further definition of the term is necessary (MPEP 
2163 IIA3(a)): 

What is conventional or well known to one of ordinary skill in the art need not be 
disclosed in detail. See Hybritech Inc. v. Monoclonal Antibodies, Inc., 802 F.2d at 
1384, 231 USPQ at 94. If a skilled artisan would have understood the inventor to be 
in possession of the claimed invention at the time of filing, even if every nuance of the 
claims is not explicitly described in the specification, then the adequate description 
requirement is met. See, e.g., Vas-Cath, 935 R2d at 1563, 19 USPQ2d at 1 1 16; 
Martin v. Johnson, 454 F.2d 746, 751, 172 USPQ 391, 395 (CCPA 1972) (stating 
"the description need not be in ipsis verbis [i.e., "in the same words"] to be sufficient"). 

One of ordinary skill in the art would recognize that "a naturally occurring amino acid 
sequence" as recited in claim 1 is one which occurs in nature. Through the process of natural selection, 
nature will have determined the appropriate amino acid sequences. Given the information provided by 
SEQ ID NO:l (the amino acid sequence of PRAEP) and SEQ ED NO:2 (the polynucleotide sequence 
encoding PRAEP), one of skill in the art would be able to routinely obtain "a naturally-occurring amino 
acid sequence at least 90% identical to the amino acid sequence of SEQ ID NO:l, said polypeptide 
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having DNA binding activity." For example, the identification of relevant polynucleotides could be 

performed by hybridization and/or PCR techniques that were well-known to those skilled in the art at 

the time the subject application was filed and/or described throughout the Specification of the instant 

application. For example: 

The invention further provides an isolated and purified polynucleotide which hybridizes 
under stringent conditions to the polynucleotide encoding the polypeptide comprising 
the amino acid sequence of SEQ ID NO: 1 or a fragment of SEQ ID NO: 1, as well as 
an isolated and purified polynucleotide which is complementary to the polynucleotide 
encoding the polypeptide comprising the amino acid sequence of SEQ ID NO: 1 or a 
fragment of SEQ ID NO:l. (Specification at page 4, lines 19-24) 

The term "stringent conditions/' refers to conditions which permit hybridization 
between polynucleotides and the claimed polynucleotides. Stringent conditions can be 
defined by salt concentration, the concentration of organic solvent (e.g., formamide), 
temperature, and other conditions well known in the art. In particular, stringency can be 
increased by reducing the concentration of salt, increasing the concentration of 
formamide, or raising the hybridization temperature. (Specification at page 14, line 29 to 
page 15, line 4.) 

Also encompassed by the invention are polynucleotide sequences that are capable of 
hybridizing to the claimed polynucleotide sequences, and, in particular, to those shown 
in SEQ ID NO:2, or a fragment of SEQ ID NO:2, under various conditions of 
stringency. (See, e.g., Wahl, G.M. and S.L. Berger (1987) Methods Enzymol. 
152:399-407; Kimmel, A.R. (1987) Methods Enzymol. 152:507-511.) (Specification 
at page 19, lines 26 to 30.) 

In one aspect, hybridization with PCR probes which are capable of detecting 
polynucleotide sequences, including genomic sequences, encoding PRAEP or closely 
related molecules may be used to identify nucleic acid sequences which encode 
PRAEP. The specificity of the probe, whether it is made from a highly specific region, 
e.g., the 5' regulatory region, or from a less specific region, e.g., a conserved motif, and 
the stringency of the hybridization or amplification (maximal, high, intermediate, or low), 
will determine whether the probe identifies only naturally occurring sequences encoding 
PRAEP, allelic variants, or related sequences. 

Probes may also be used for the detection of related sequences, and should preferably 
have at least 50% sequence identity to any of the PRAEP encoding sequences. The 
hybridization probes of the subject invention may be DNA or RNA and may be derived 
from the sequence of SEQ ID NO:2 or from genomic sequences including promoters, 
enhancers, and introns of the PRAEP gene. (Specification at page 40, lines 13 to 25.) 
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See also Example VI at pages 52-53. 

Thus, the Examiner's assertion that "[t]he full scope in Applicant's invention encompasses 
making any one of 20 changes to any one of 33 amino acids... up to 

2345734188103679287078463273601 polypeptides" is clearly in error (See Office Action mailed 
July 14, 2003 at page 2). In order to make the claimed polypeptides, one skilled in the art need only 
screen a cDNA library or use appropriate PCR conditions to identify relevant 

polynucleotides/polypeptides that already exist in nature. By adjusting the nature of the probe or nucleic 
acid (t.e., non-conserved, conserved or highly conserved) and the conditions of hybridization 
(maximum, high, intermediate or low stringency), one can obtain variant polynucleotides of SEQ ID 
NO:2 which, in turn, will allow one to make the variant polypeptides of SEQ ID NO: 1 recited by the 
present claims. Conventional methods for making polypeptides, such as those methods described at 
page 22, lines 5-11 of the Specification, could be used to make the recited polypeptide variants. 

Thus, not only can one of ordinary skill in the art based on hybridization results, predict, detect 
and isolate with a high level of certainty, the presence or absence of a polynucleotide sequence 
encoding a naturally occurring amino acid sequence at least 90% identical to the amino acid sequence of 
SEQ ID NO: 1, said polypeptide having DNA binding activity, the skilled artisan is also able to compare 
the encoded polypeptide sequence to SEQ ID NO: 1 to determine the percentage identity of said 
polypeptide sequence to SEQ ID NO:l. Such methods for isolating, cloning, expressing and 
comparing polynucleotides and their encoded polypeptides are routine analyses for the skilled artisan in 
the field of recombinant molecular biology. 

Accordingly, the Specification provides an adequate written description of the recited variants. 

1. The present claims specifically define the claimed genus through the recitation 
of chemical structure 

Court cases in which "DNA claims" have been at issue (which are hence relevant to claims to 
proteins encoded by the DNA) commonly emphasize that the recitation of structural features or 
chemical or physical properties are important factors to consider in a written description analysis of such 
claims. For example, in Fiers v. Revel, 25 USPQ2d 1601, 1606 (Fed. Cir. 1993), the court stated 
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that: 

If a conception of a DNA requires a precise definition, such as by structure, formula, 
chemical name or physical properties, as we have held, then a description also requires 
that degree of specificity. 

In a number of instances in which claims to DNA have been found invalid, the courts have 

noted that the claims attempted to define the claimed DNA in terms of functional characteristics without 

any reference to structural features. As set forth by the court in University of California v. Eli Lilly 

and Co., 43 USPQ2d 1398, 1406 (Fed. Cir. 1997): 

In claims to genetic material, however, a generic statement such as "vertebrate insulin 
cDNA" or "mammalian insulin cDNA," without more, is not an adequate written 
description of the genus because it does not distinguish the claimed genus from others, 
except by function. 

Thus, the mere recitation of functional characteristics of a DNA, without the definition of 
structural features, has been a common basis by which courts have found invalid claims to DNA. For 
example, in Lilly, 43 USPQ2d at 1407, the court found invalid for violation of the written description 
requirement the following claim of U.S. Patent No. 4,652,525: 

1. A recombinant plasmid replicable in procaryotic host containing within its nucleotide 
sequence a subsequence having the structure of the reverse transcript of an mRNA of a 
vertebrate, which mRNA encodes insulin. 

In Fiers, 25 USPQ2d at 1603, the parties were in an interference involving the following count: 

A DNA which consists essentially of a DNA which codes for a human fibroblast 
interferon-beta polypeptide. 

Party Revel in the Fiers case argued that its foreign priority application contained an adequate 
written description of the DNA of the count because that application mentioned a potential method for 
isolating the DNA. The Revel priority application, however, did not have a description of any particular 
DNA structure corresponding to the DNA of the count. The court therefore found that the Revel 
priority application lacked an adequate written description of the subject matter of the count. 
Thus, in Lilly and Fiers, nucleic acids were defined on the basis of functional characteristics and were 
found not to comply with the written description requirement of 35 U.S. C. § 1 12; i.e., "an mRNA of a 
vertebrate, which mRNA encodes insulin" in Lilly, and "DNA which codes for a human fibroblast 
interferon-beta polypeptide" in Fiers. In contrast to the situation in Lilly and Fiers, the claims at issue 
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in the present application define polypeptides of SEQ ID NO:l in terms of chemical structure, rather 
than in terms of functional characteristics. For example, the "variant language" of independent claim 1 
recites chemical structure to define the claimed genus: 

1. An isolated polypeptide sequence selected from the group consisting of ...b) a 
polypeptide comprising a naturally occurring amino acid sequence at least 90% identical 
to an amino acid sequence of SEQ ID NO:l, said polypeptide having DNA binding 
activity, ... 

From the above it should be apparent that the claims of the subject application are 
fundamentally different from those found invalid in Lilly and Fiers. The subject matter of the present 
claims is defined in terms of the chemical structure of SEQ ID NO: 1. In the present case, there is no 
reliance merely on a description of functional characteristics of the claimed polypeptides. Moreover, 
the functional recitation, as amended, adds to the structural characterization of the claimed polypeptides. 
The polypeptides defined in the claims of the present application recite structural features and functional 
characteristics of the polypeptide of SEQ ID NO: 1, and cases such as Lilly and Fiers stress that the 
recitation of structure is an important factor to consider in a written description analysis of claims of this 
type. By failing to base its written description inquiry "on whatever is now claimed," the Examiner failed 
to provide an appropriate analysis of the present claims and how they differ from those found not to 
satisfy the written description requirement in Lilly and Fiers 

2. The present claims do not define a genus which is "highly variant" 

Furthermore, the claims at issue do not describe a genus which could be characterized as 
"highly variant." Available evidence illustrates that the claimed genus is of narrow scope. 
In support of this assertion, the Examiner's attention is directed to the reference by Brenner et al. 
("Assessing sequence comparison methods with reliable structurally identified distant evolutionary 
relationships," Proc. Natl. Acad. Sci. USA (1998) 95:6073-6078), enclosed herewith. Through 
exhaustive analysis of a data set of proteins with known structural and functional relationships and with 
<40% overall sequence identity, Brenner et al. have determined that 30% identity is a reliable threshold 
for establishing evolutionary homology between two sequences aligned over at least 150 residues. 
(Brenner et al., pages 6073 and 6076.) Furthermore, local identity is particularly important in this case 
for assessing the significance of the alignments, as Brenner et al. further report that >40% identity over 
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at least 70 residues is reliable in signifying homology between proteins. (Brenner et al., page 6076.) 
The present application is directed, inter alia, to Ets proteins related to the amino acid sequence of 
SEQ ID NO: 1 . In accordance with Brenner et al, naturally occurring molecules may exist which could 
be characterized as Ets proteins and which have as little as 30% identity over at least 150 residues to 
SEQ ID NO: 1. The "variant language" of the present claims recites, for example, an isolated 
polypeptide comprising an amino acid sequence that is "a naturally occurring amino acid sequence 
having at least 90% sequence identity to the sequence of SEQ ID NO:l, said polypeptide having DNA 
binding activity" (note that SEQ ID NO: 1 has 335 amino acid residues). This variation is far less than 
that of all potential Ets proteins related to SEQ ID NO: 1, i.e., those Ets proteins having as little as 30% 
identity over at least 150 residues to SEQ ID NO:l. Moreover, such variation, either a polypeptide 
having an amino acid sequence having at least 90% identity to an amino acid sequence of SEQ ID 
NO: 1, said polypeptide having DNA binding activity or a biologically active fragment of a polypeptide 
having an amino acid sequence of SEQ ID NO: 1, said fragment having DNA binding activity, is orders 
of magnitude less that the 33 20 potential polypeptides alleged by the Examiner. An assertion otherwise 
ignores that such variants and biologically active fragments are naturally occurring. 

3. Ets proteins contain Ets domains which are known to function in DNA binding 

Applicants have adequately described the instant invention in terms of a method of its making 
together with providing both structural and functional characteristics and have provided evidence of a 
correlation between structure and function. Conventional methods for making the claimed polypeptides, 
are described at page 22, lines 5-11 of the Specification. Applicants have identified SEQ ID NO:l as 
a prostate associated Ets protein (Specification, page 4, lines 7-10). The Specification teaches that Ets 
proteins have a characteristic Ets domain which binds DNA (Specification, page 1, lines 15-17; page 
2, lines 1-2 and lines 12-13) and the Specification identifies the presence of Ets domains within SEQ ID 
NO:l (Specification, page 17, linesl8-27). Thus, SEQ ID NO:l, having ETS domains, would be 
understood to function in DNA binding. 

The MPEP states that: 

The claimed invention as a whole may not be adequately described where an invention 
is described solely in terms of a method of its making coupled with its function and there 
is no described or art-recognized correlation or relationship between the structure of the 
invention and its function. (MPEP § 2163 I. A, Rev. 1, Feb. 2003, p. 2100-161). 
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In contrast, the instant invention is adequately described as claimed and is described in terms of the 
correlation of structure and function, as one of skill in the art would recognize that Ets domains correlate 
with DNA binding. 

In support of this position, Applicants respectfully bring to the attention of the Examiner the 
publication of Boulukos, K.E. et al., (K.E. Boulukos et al., (1989) Mol. Cell Biol. 9:5718-21, 
Attachment B; abstract enclosed herewith). Boulukos et al. report that deletion analysis of the Ets 
domains indicates that the Ets domains are essential for integrity of the carboxy-tenrrinal domain, and 
are essential for nuclear targeting and DNA binding activity in vitro. These results are further 
substantiated for SEQ ID NO:l by Oettgen,P. et al., (Oettgen, P. et al., (2000) J. Biol. Chera 
275: 1216-1225, Attachment C; enclosed herewith). Oettgen teaches that SEQ ID NO: 1 (SEQ ID 
NO:l is 100% identical to PDEF, see sequence alignment of SEQ ID NO:l to g4007418, Attachment 
D) binds with high affinity to the GGAT-containing oligonubleotide of the PSA promoter E site, and 
conclude that SEQ ID NO: 1 (PDEF) DNA binding specificity is distinct from other members of the Ets 
family with a unique preference toward the GGAT recognition sequence (Oettgen, et al., pp. 1221-2). 
Thus, Applicants have provided an art-recognized correlation between the Ets domain, a structural 
domain within the claimed invention, and the function of the Ets domain in DNA binding activity. 

One of skill in the art would conclude that in order to have DNA binding activity, 90% variants 
and biologically active fragments of SEQ ID NO: 1 would have the Ets domain as a structural domain of 
90% variants and biologically active fragments of SEQ ID NO: 1 in order to maintain DNA binding 
activity. Therefore, one of ordinary skill in the art would conclude that Applicants have provided an 
adequate description of SEQ ID NO: 1 and variants thereof as well as biologically active fragments of 
SEQ ID NO: 1 in terms of the correlation of the Ets domain, a structural component of SEQ ID NO: 1 , 
90% variants and biologically active fragments thereof which are involved in the DNA binding activity of 
the claimed invention. 

4. The state of the art at the time of the present invention is further advanced 
than at the time of the Lilly and Fiers applications 

In the Lilly case, claims of U.S. Patent No. 4,652,525 were found invalid for failing to comply 
with the written description requirement of 35 U.S.C. §1 12. The '525 patent claimed the benefit of 
priority of two applications, Application Serial No. 801,343 filed May 27, 1977, and Application Serial 
No. 805,023 filed June 9, 1977. In the Fiers case, party Revel claimed the benefit of priority of an 
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Israeli application filed on November 21, 1979. Thus, the written description inquiry in those case was 
based on the state of the art at essentially at the "dark ages" of recombinant DNA technology. 

The present application has a priority date of 04 April 1998. Much has happened in the 
development of recombinant DNA technology in the 17 or more years from the time of filing of the 
applications involved in Lilly and Fiers and the present application. For example, the technique of 
polymerase chain reaction (PCR) was invented. Highly efficient cloning and DNA sequencing 
technology has been developed. Large databases of protein and nucleotide sequences have been 
compiled. Much of the raw material of the human and other genomes has been sequenced. With these 
remarkable advances one of skill in the art would recognize that, given the sequence information of SEQ 
ID NO: 1 and the additional extensive detail provided by the subject application, the present inventors 
were in possession of the polypeptide variants recited by the claims at the time of filing of this 
application. 

5. The term "naturally" is fully supported in the claims and the Specification of 
the Application as originally filed 

In the present case, the application as originally filed discloses t4 90% sequence variants" of SEQ 
ID NO:l (PRAEP) (see e.g., page 18, lines 15-18) as well as naturally occurring polynucleotide 
sequences that encode such variants. Section (b) of claim 1 as originally filed recites "... a naturally 
occurring amino acid sequence at least 90% identical to an amino acid sequence of SEQ ID NO: 1 . . 
See page 63 of the application as originally filed. As decided in In re Gardner, the claims itself may 
describe the disclosed invention even if the application has no corresponding disclosure (In re Gardner, 
178 USPQ 149 (C.C.P.A. 1973). Hence, contrary to the Examiner's assertion otherwise, the term 
"naturally" is fully supported in claim 1 as it originally appeared. 

Moreover, the Specification is replete with references to naturally occurring 
polynucleotides/polypeptides. For example: 

Where "amino acid sequence" is recited herein to refer to an amino acid sequence of a 
naturally occurring protein molecule, "amino acid sequence" and like terms are not 
meant to limit the amino acid sequence to the complete native amino acid sequence 
associated with the recited protein molecule. (Specification at page 8, lines 24-27, 
emphasis added.) 
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The words "insertion" or "addition," as used herein, refer to changes in an amino acid or 
nucleotide sequence resulting in the addition of one or more amino acid residues or 
nucleotides, respectively, to the sequence found in the naturally occurring molecule. 
(Specification at page 13, lines 5-7, emphasis added.) 

As used herein, the term "biologically active," refers to a protein having structural, 
regulatory, or biochemical functions of a naturally occurring molecule. . . . 
(Specification at page 9 lines 29-30, emphasis added.) 

It will be appreciated by those skilled in the art that as a result of the degeneracy of the 
genetic code, a multitude of polynucleotide sequences encoding PRAEP, some bearing 
minimal similarity to the polynucleotide sequences of any known and naturally 
occurring gene, may be produced. Thus, the invention contemplates each and every 
possible variation of polynucleotide sequence that could be made by selecting 
combinations based on possible codon choices. These combinations are made in 
accordance with the standard triplet genetic code as applied to the polynucleotide 
sequence of naturally occurring PRAEP, and all such variations are to be considered 
as being specifically disclosed. (Specification at page 19, lines 1-8, emphasis added.) 

Although nucleotide sequences which encode PRAEP and its variants are preferably 
capable of hybridizing to the nucleotide sequence of the naturally occurring PRAEP 
under appropriately selected conditions of stringency, it may be advantageous to 
produce nucleotide sequences encoding PRAEP or its derivatives possessing a 
substantially different codon usage, e.g., inclusion of non-naturally occurring codons. 
Codons may be selected to increase the rate at which expression of the peptide occurs 
in a particular prokaryotic or eukaryotic host in accordance with the frequency with 
which particular codons are utilized by the host. Other reasons for substantially altering 
the nucleotide sequence encoding PRAEP and its derivatives without altering the 
encoded amino acid sequences include the production of RNA transcripts having more 
desirable properties, such as a greater half- life, than transcripts produced from the 
naturally occurring sequence. (Specification at page 19, lines 9-19, emphasis added.) 

It is preferred that the oligopeptides, peptides, or fragments used to induce antibodies to 
PRAEP have an amino acid sequence consisting of at least about 5 amino acids, and, 
more preferably, of at least about 10 amino acids. It is also preferable that these 
oligopeptides, peptides, or fragments are identical to a portion of the amino acid 
sequence of the natural protein and contain the entire amino acid sequence of a small, 
naturally occurring molecule. Short stretches of PRAEP amino acids may be fused 
with those of another protein, such as KLH, and antibodies to the chimeric molecule 
may be produced. (Specification at page 32, lines 3-9, emphasis added.) 
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In one aspect, hybridization with PCR probes which are capable of detecting 
polynucleotide sequences, including genomic sequences, encoding PRAEP or closely 
related molecules may be used to identify nucleic acid sequences which encode 
PRAEP. The specificity of the probe, whether it is made from a highly specific region, 
e.g., the 5 'regulatory region, or from a less specific region, e.g., a conserved motif, and 
the stringency of the hybridization or amplification (maximal, high, intermediate, or low), 
will determine whether the probe identifies only naturally occurring sequences 
encoding PRAEP, allelic variants, or related sequences. (Specification at page 40, lines 
13-20, emphasis added.) 

In another embodiment of the invention, nucleic acid sequences encoding PRAEP may 
be used to generate hybridization probes useful in mapping the naturally occurring 
genomic sequence. The sequences may be mapped to a particular chromosome, to a 
specific region of a chromosome, or to artificial chromosome constructions, e.g., human 
artificial chromosomes (HACs), yeast artificial chromosomes (YACs), bacterial artificial 
chromosomes (BACs), bacterial PI constructions, or single chromosome cDNA 
libraries. (See, e.g., Price, CM. (1993) Blood Rev. 7:127-134; and Trask, B.J. 
(1991) Trends Genet. 7:149-154.) (Specification at page 44, lines 19-25, emphasis 
added.) 

Sequences complementary to the PRAEP-encoding sequences, or any parts thereof, 
are used to detect, decrease, or inhibit expression of naturally occurring PRAEP. 
Although use of oligonucleotides comprising from about 15 to 30 base pairs is 
described, essentially the same procedure is used with smaller or with larger sequence 
fragments. Appropriate oligonucleotides are designed using OLIGO 4.06 primer 
analysis software and the coding sequence of PRAEP. To inhibit transcription, a 
complementary oligonucleotide is designed from the most unique 5' sequence and used 
to prevent promoter binding to the coding sequence. To inhibit translation, a 
complementary oligonucleotide is designed to prevent ribosomal binding to the PRAEP- 
encoding transcript. (Specification at Example VIII at page 53, line 27 to page 54, line 
6, emphasis added.) 

Naturally occurring or recombinant PRAEP is substantially purified by immuno affinity 
chromatography using antibodies specific for PRAEP. An immuno affinity column is 
constructed by covalently coupling anti-PRAEP antibody to an activated 
chromatographic resin, such as CNBr- activated SEPHAROSE (Pharmacia). After the 
coupling, the resin is blocked and washed according to the manufacturer's instructions. 

Media containing PRAEP are passed over the immuno affinity column, and the column is 
washed under conditions that allow the preferential absorbance of PRAEP (e.g., high 
ionic strength buffers in the presence of detergent). The column is eluted under 
conditions that disrupt antibody/PRAEP binding (e.g., a buffer of pH 2 to pH 3, or a 
high concentration of a chaotrope, such as urea or thiocyanate ion), and PRAEP is 
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collected. (Specification at Example XIII at page 57, lines 15-25, emphasis added.) 

In view of the foregoing evidence, Applicants submit that the rejection of claims 1 and 17 on the 
grounds that there is "no written support for the term [naturally] in the specification or claims as 
originally filed" is without merit, and is therefore improper. 

Applicants are therefore confused by the Examiner's reference to MPEP section 2163.05(b), 
since the claims and the specification as originally filed EXPLICITLY supports the subgenus of naturally 
occurring 90% sequence variants of SEQ ID NO: 1 as is now claimed in subsection b of claim 1. See 
e.g. the specification at page 18, lines 15-18 ". . . 90%, . . . sequence identity to the PRAEP amino 
acid sequence, and which contains at least one functional . . . characteristic of PRAEP." 

6. Summary 

The Office Action failed to base its written description inquiry "on whatever is now claimed." 
Consequently, the Action did not provide an appropriate analysis of the present claims and how they 
differ from those found not to satisfy the written description requirement in cases such as Lilly and 
Fiers. In particular, the claims of the subject application are fundamentally different from those found 
invalid in Lilly and Fiers. The subject matter of the present claims is defined in terms of the chemical 
structure of SEQ ID NO: 1, including Ets domains known to one of skill in the art to function in DNA 
binding. The courts have stressed that structural features are important factors to consider in a written 
description analysis of claims to nucleic acids and proteins. In addition, the genus of polypeptides 
defined by the present claims is adequately described, as evidenced by Brenner et al. Additionally, 
90% variants having DNA binding activity and biologically active fragments of SEQ ID NO: 1 having 
DNA binding activity are adequately described, as evidenced by the Specification, and the teachings of 
Boulukos,K.E. et al. and Oettgen,P. et al. Furthermore, there have been remarkable advances in the 
state of the art since the Lilly and Fiers cases, and these advances were given no consideration 
whatsoever in the position set forth by the Office Action. 

The Office Action failed to consider that the term "naturally" is a term that is well-known to 
those of skill in the art and, as such, does not require further definition in the Specification. For at least 
the above reasons it is believed that claims 1 and 17 meet the written description requirement of 35 
U.S.C. § 112, first paragraph. It is therefore requested that this rejection be withdrawn. 
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Rejection under 35 U.S.C. §112, first paragraph, enablement 

Claims 1 and 17 were rejected under 35 U.S.C. §112, first paragraph, allegedly because u the 

specification, while being enabling for the use of SEQ ID NO. 1, does not reasonably provide 

enablement for the use of any protein that is 90% identical to SEQ ID NO. 1 or any biological fragment 

of SEQ ID NO. 1 or immunological fragment of SEQ ID NO. 1" commensurate with the scope of the 

claimed invention. The Office further asserts that: 

0 ... the present specification fails to disclose any protein which has ETS activity 
(Office Action of July 14, 2003, page 4). 

0 The total number of polypeptides encompassed by the claims is 

2345734188103679287078463273601 polypeptides (Office Action of July 
14, 2003, page 4). 

Applicants travers this rejection for the reasons submitted below. 
A, Legal Requirement 

As set forth in In re Marzocchi, 169 USPQ 367, 369 (CCPA 1971): 

The first paragraph of § 1 12 requires nothing more than objective enablement. How 
such a teaching is set forth, either by the use of illustrative examples or by broad 
terminology, is of no importance. 

As a matter of Patent Office practice, then, a specification disclosure which contains a 
teaching of the manner and process of making and using the invention in terms which 
correspond in scope to those used in describing and defining the subject matter sought 
to be patented must be taken as in compliance with the enabling requirement of the first 
paragraph of § 112 unless there is reason to doubt the objective truth of the statements 
contained therein which must be relied on for enabling support. 

To fulfill the enablement requirement of 35 U.S.C. §112, first paragraph, the claimed invention 
must be described in the Specification in such as way as to enable one skilled in the relevant art to 
which it pertains, or with which it is most nearly connected, to make and/or use the invention. 

When determining whether the Specification meets the enablement requirement the courts have 
ruled that the claimed invention be disclosed in the patent together with information known in the art 
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such that one of ordinary skill in the art is enabled to make and use the invention without undue 

experimentation. See In re Wands, 858 F.2d at 737, 8 USPQ2d at 1404 (Fed. Cir. 1988); United 

States v. Telectronics, Inc., 857 F.2d 778, 785, 8 USPQ2d 1217, 1223 (Fed. Cir. 1988). Thus, u a 

patent need not teach, and preferably omits, what is well known in the art. In re Buchner, 929 F.2d 

660, 661, 18 USPQ2d 1331, 1332 (Fed. Cir. 1991); Hybritech, Inc. v. Monoclonal Antibodies, 

Inc., 802 F.2d 1367, 1384, 231 USPQ 81, 94 (Fed. Cir. 1986), cert, denied, 480 U&.S. 947 

(1987); and Lindemann Maschinenfabrik GMBH v. American Hoist & Derrick Co., 730 F.2d 

1452, 1463, 221 USPQ 481, 489 (Fed. Cir. 1984). 

In addition, the Manual of Patent Examination Procedure at § 2164.01(c) states: 
[A]s long as the specification discloses at least one method for making and using the 
claimed invention that bears a reasonable correlation to the entire scope of the claim, 
then the enablement requirement of 35 U.S.C. 1 12 is satisfied. In re Fisher, 427 F.2d 
833, 839, 166 USPQ 18, 24 (CCPA 1970). Failure to disclose other methods by 
which the claimed invention may be made does not render a claim invalid under 35 
U.S.C. 112. Spectra-Physics, Inc. v. Coherent, Inc., 824 F.2d 1524, 1533, 3 
USPQ2d 1737, 1743 (Fed. Cir.), cert, denied, 484 U.S. 954 (1987). 

It is submitted that the Specification does reasonably provide an adequate written description to 
enable the claimed protein of SEQ ID NO: 1 as well as the recited naturally-occurring 90% variants of 
"the amino acid sequence of SEQ ID NO: 1, said polypeptide having DNA binding activity," 
bio logically- active fragments "of a polypeptide having the amino acid sequence of SEQ ID NO:l, said 
polypeptide fragment having DNA binding activity" and "an immunogenic fragment of a polypeptide 
having an amino acid sequence of SEQ ID NO: 1 as "now" claimed at the time of filing of this 
application. 

The Examiner is well aware that the relative skill of those in the art is very high and the amount 
of direction or guidance needed to be disclosed in the Specification to make the protein of SEQ ID 
NO:l, and the recited "variants," "biologically-active fragments" and "immunogenic fragments" of SEQ 
ID NO: 1 as "now" claimed is well within the grasp of one of skill in the art upon reading the 
specification, especially in light of Example VI (hybridization probes used to screen cDNAs, genomic 
DNAs or mRNAs for 90% variants of SEQ ID NO: 1), discussed supra; Example X (assay for 
PRAEP activity, including biologically active fragments of SEQ ID NO:l); Example XII (production of 
anitbodies to PRAEP, including how to determine immunogenic fragments of SEQ ID NO:l); and those 
methods described at page 22, lines 5- 1 1 for making the claimed polypeptides. Claimed variants of 
SEQ ID NO:l are defined in the Specification at, for example, page 16, lines 22-30; and page 18, lines 
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15-18. Biologically active SEQ ID NO: 1 is defined in the Specification at, for example, page 9 lines 
29-30. Immunologically active SEQ ID NO: 1 is defined in the Specification at, for example, page 9, 
line 30 to page 10, line 3. 

Moreover, the functionality of the claimed variants will have been established anyway, since 
naturally occurring variants are claimed. Through the process of natural selection, nature will have 
determined the appropriate amino acid sequences. Given the information provided by SEQ ID NO: 1 
(the amino acid sequence of PRAEP) and SEQ ID NO:2 (the polynucleotide sequence encoding 
PRAEP), one of skill in the art would be able to routinely obtain: i) a polypeptide comprising an amino 
acid sequence of SEQ ID NO: 1, ii) a polypeptide comprising a naturally-occurring amino acid 
sequence having at least 90% sequence identity to the sequence of SEQ ID NO:l, said polypeptide 
having DNA binding activity, iii) a biologically- active fragment of a polypeptide having the amino acid 
sequence of SEQ ID NO: 1, said polypeptide having DNA binding activity, or iv) an immunogenic 
fragment of a polypeptide having an amino acid sequence of SEQ ID NO: 1. As an additional example, 
the identification of relevant polynucleotides could be performed by hybridization and/or PCR 
techniques that were well-known to those skilled in the art at the time the subject application was filed 
and/or described throughout the Specification of the instant application. See, e.g., page 40, lines 13 to 
25 and Example VI at pages 52-53. Therefore, one skilled in the art need not make and test vast 
numbers of polypeptides that are based on the amino acid sequence of SEQ ID NO: 1. Instead, one 
skilled in the art need only screen a cDNA library or use appropriate PCR conditions to identify 
relevant polynucleotides/polypeptides that already exist in nature. 

Additionally, an assay for monitoring PRAEP activity is described in the Specification, for 
example, at page 55, Example X. Assays to determine functional activity are considered routine 
experimentation when identifying functional sequence variants. One of ordinary skill in the art would 
recognize polypeptide sequences which are variants having at least 90% amino acid identity to SEQ ID 
NO: 1 or biologically active fragments of SEQ ID NO: 1, as those polypeptides or fragments which, 
when assayed, have at least one function of a polypeptide comprising an amino acid sequence of SEQ 
ID NO: 1. Accordingly, polypeptides comprising an amino acid sequence that is 90% identical to the 
amino acid sequence of SEQ ID NO: 1 or biologically active fragments of SEQ ID NO: 1 can easily be 
identified by one of skill in the art based on both the presence of functional and structural domains and 
by the assay, all disclosed in the Specification. Thus, one of skill in the art would understand upon 
reading the specification, how to make the protein of SEQ ID NO: 1, and the recited 'Variants" and 
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"bio logically- active fragments" of SEQ ID NO:l. 

The Examiner attempts to provide further support for this rejection by citing Ngo et al. (in The 
Protein Folding Problem and Tertiary Structure Prediction , 1994, Birkhauser Boston, pages 433, 492- 
495). The Examiner asserts that "Ngo et al teach that "the relationship between the sequence of a 
peptide and its tertiary structure (i.e. its activity) are not well understood and are not predictable." 
(Office Action of July 14, 2003, at page 4). 

It is not necessary to accurately predict protein function or structure and/or sequence in order to 
make and/or use the recited polypeptide variants, and biologically and immunologically active fragments. 
The Ngo et al. reference, which discusses methods of predicting protein structures is not relevant. The 
Ngo et al. reference has no bearing on the ability of a skilled artisan to screen a cDNA library or use 
appropriate PCR conditions to identify relevant polynucleotides, and their encoded polypeptides, that 
already exist in nature, without undue experimentation. Once again, the question is not whether the 
recited polypeptides retain the structure and/or function of the SEQ ID NO: 1 polypeptide. The relevant 
question, for the purposes of enablement under 35 U.S.C. § 1 12, first paragraph, is whether a skilled 
artisan could make and use the claimed polypeptides. Regardless of whether a variant or fragment of 
SEQ ID NO: 1 maintains the structure and/or function of the SEQ ID NO: 1 polypeptide, that variant or 
fragment could still be used to make the polypeptides, without undue experimentation. Thus, the 
enablement requirement is satisfied. 

In sum, contrary to the standard set forth in Marzocchi, supra, the Examiner has failed to 
provide any reasons why one would doubt that the guidance provided by the present Specification 
would enable one to make and use the protein of SEQ ID NO: 1 , and the recited "variants" and 
"biologically-active fragments" of SEQ ID NO: 1 . Hence, a prima facie case for non-enablement has 
not been established with respect to the protein of SEQ ID NO: 1 , and the recited "variants" and 
"biologically-active fragments" of SEQ ID NO: 1. 

Accordingly, for all the above reasons, the claimed subject matter is described in the 
Specification in such a way that one skilled in the art can make and/or use the claimed invention. 
Therefore, reconsideration and withdrawal of the rejection of claims 1 and 17 are respectfully 
requested. 
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CONCLUSION 



In light of the above amendments and remarks, Applicants submit that the present application is 
fully in condition for allowance, and request that the Examiner withdraw the outstanding 
objections/rejections. Early notice to that effect is earnestly solicited. 

If the Examiner contemplates other action, or if a telephone conference would expedite 
allowance of the claims, Applicants invite the Examiner to contact the undersigned at the number 
listed below. 

Applicants believe that no fee is due with this communication. However, if the USPTO 
determines that a fee is due, the Commissioner is hereby authorized to charge Deposit Account 



Customer No.: 27904 
3 160 Porter Drive 
Palo Alto, California 94304 
Phone: (650) 855-0555 
Fax: (650) 849-8886 

Attachment s): 

A - Brenner et al., Proc. Natl. Acad. Sci. USA (1998) 95:6073-6078 
B - K.E.Boulukos et al., (1989) Mol. Cell Biol. 9:5718-21 
C - Oettgen, P. et al., (2000) J. Biol. Chem. 275:1216-1225 
D - BLASTP of SEQ ID NO:l verses Genpeptl37 
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Departments of ° Ophthalmology, ^Biochemistry and Molecular Bi logy, and 0 Chemistry, Universiry of South Florida 
C liege of Medicine, Tampa, Florida 33620 



Abstract Human umbilical vein endothelial (HUVE) 
cells have been previously reported to express the 
genes for the A and B chains of PDGF and to secrete 
PDGF-related factors into culture media. Antihuman 
PDGF IgG affinity chromatography wis used to purify 
PDGF-related activity from HUVE cell-conditioned 
media. Immunoblot analysis of the affinity-purified pro- 
teins with anti-PDGF IgG and antibodies specific for 
the A or B chain peptides of PDGF c ombined with 
chemotactic and mitogenic assays revealed that the 
major PDGF immunorelated molecule secreted by 
HUVE cells is a monomer of ~ 36-38 kD and that 



<10% of the purified biologically active molecules are 
PDGF A or B chain peptides. Screening of an HUVE 
cell cDNA library in the expression vector lambda 
gtll with the anti-PDGF antibody resulted in the clon- 
ing and sequencing of a cDNA with an open reading 
frame encoding a 38-kD cysteine-rich secreted protein 
which we show to be the major PDGF-related mitogen 
secreted by human vascular endothelial cells. The pro- 
tein has a 45% overall homology to the translation prod- 
uct of the v-sre-induced CEF-10 mRNA from chick 
embryo, fibroblasts. We have termed this new mitogen 
connective tissue growth factor. 



pTpHE vascular endothelium, which forms the nonthrom- 
bogenic lining of blood vessels, was once considered 

JJL a relatively inert membrane. Recent studies of endo- 
thelial cells have demonstrated that they participate in nu- 
merous structural and physiological functions of the circu- 
latory system. Structural proteins including collagens and 
laminin are secreted into the basement membrane, while pro- 
coagulant, anticoagulant, and platelet regulatory proteins 
and growth regulatory molecules are secreted from the lumi- 
nal membrane into the circulating blood or into a wound site 
(Jaffe, 1984, 1987). Cultured endothelial ceils have previ- 

usly been shown to secrete factors that are chemotactic and 
mil genie for connective tissue cells. Approximately 30% of 
this biological activity can be neutralized by antibodies spe- 
cific for human PDGF (DiCorleto, 19K4). 

PDGF has been described as a mitouttractam due to its 
chemotactic effect on connective tissue oslls at lower concen- 
trations (0.1-1.0 nM) and its mitogenic effect on these cells 
at higher concentrations (05-5 nM) (Gioiendorst and Mar- 
tin, 1986). Because of the dual biological activity of this 
molecule, PDGF is believed to be a major factor involved 
in the normal healing of wounds and pathologically con- 
tributing to the lesions of atherosclerosis, fibrotic diseases, 
and oncogenesis. PDGF was originally identified (Ross et 
a!., 1974; Kohler and Lipton, 1974) and purified (An- 
toniades et al., 1979; Heldin et al., 1981) from the alpha- 



granules of human platelets. Platelet PDGF is a dimeric mol- 
ecule that migrates on SDS-polyacrylamide gels at ~30 kD. 
Reduction of interchain disulfide bonds yields A chain (17 
kD) and B chain (14 kD) monomers that are not biologically 
active (Antoniades, 1981; Antoniades et al, 1979; Groten- 
dorst et al., 1982). Conditioned media from cultures of hu- 
man umbilical vein endothelial (HUVE) cells contain factors 
that compete with platelet PDGF for binding to the PDGF 
cell surface receptor of fibroblasts and demonstrate PDGF- 
related biological activity (DiCorleto, 1984). HUVE cells 
express both the A and B chain genes of PDGF (Collins et 
al., 1985; Collins etal., 1987). Since both PDGF gene tran- 
scripts are present, the exact nature of the proteins responsi- 
ble for the PDGF-related mitoattractant activity found in 
HUVE cell-conditioned media was uncertain. The secreted 
molecules could be AB heterodimcrs or AA or BB homodi- 
mers. All three isoforms have been purified from natural 
sources and are biologically active (Heldin et al. 1986; Bet- 
sholtzetal. 1986; Stoobant and Waterfield, 1984). Our ini- 
tial interest was to determine the type of PDGF molecules 
secreted by vascular endothelial cells. During the course of 
these studies we have identified a new peptide that appears 
to be responsible for the PDGF-related mitoattractant activ- 
ity present in the endothelial cell-conditioned medio. We 
have termed this protein connective tissue growth factor 
(CTCF).' 



Gary &. Grotendorst's present address is Department of Cell Biology and 
Anatomy, University of Miami School of Medicine, 1600 N.W. lOib Ave., 
Miami, FL 33101. 



1. Abbreviations used in this paper, CTCF, connective tissue growth factor; 
HUVE, human umbilical vein endothelial. 
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Materials and Methods 
Cells 

HUVE cells were isolated from fresh haDM umbilical coid* by collagcffiae 
jorfittioo (Jafle, 1987) and r™™'""^ in medium 199 with 20ft FCS, 068 
mM l^utomine, 20 ag/ml GentnminD, 90 #ig/mi porcine heparin (Sigma 
Chemical Co., St Louis, MO), and SO pg/ml en do t he lial cell growth sup- 
plement (Sigma Chemical Ca). Cells used for media ctiUection were third 
p tF »p» ™.Ht Ceiu ogre Identified n& endodrrluu' cclh by their nonovcriop- 
ping cobblestone morphology and by positive sunning for factor-Vin 
related antigen. NRK cells were ©btaiiied aw Anisrkaii Type Culture Col- 
lection (Rockville, MD), NIH/3T3 cells were a gift from S. Aaronsou (Na- 
tional Cancer Institute, Btftrereft, MD), and both cell lino were maintained 
in DMEM, 10% FCS, 20 Mg/ml Gentnmicin. Fetal bevine aortic smooth 
muscle cells were obtained from tissue explano as ptcviousiy described 
(Grotendorst et al., 1981) and in DMEM, 10% FCS, 20 jig/ml 

Geotamicin, and used in assays at second or third passage. 

Growth Factors and Antibodies 

Human PDGF was purified to homogeneiry from platelets as described pre- 
viously (Groteodom, 1984). Recombinant AA, BB, and AB chain dimeric 
PDGF molecules were ^Hnift*^ from Creative Biomolecules (Hop&nton, 
MA). FGF was obtained from Sigma CVmiral Co. Puiified PDGF or syn- 
thetic peptides containing the amino asd csrboxyl sequences of the mature 
PDGF A and B chain molecules were used to raise antibodies id goats. 
Goats were with 20 MS of purified PDGF or 30 Mg of synthetic 
peptide in Freunds complete adjuvant by multiple inuadermal injections. 
Immune sera were collected 7 d after me fourth rechaUisnge (in Freunds in- 
complete adjuvant) and subsequent rechaUenges. The anti-PDGF antibody 
did not show any cross-reactivity to TOF-ft EGF, or FGFin inununoblot 
- - analysis. The antipeptide nntibodiffl were sequence specific and did not 
cross-react with other synthetic peptide sequences or with recombinant 
PDGF peptides that did not contain the specific antigenic sequence. This 
was determined by Western mot and dot blot analysis. 

Antibody Affinity Column 

Goat anti-human PDGF IgG (150 mg) was covalently bound to 25 ml of 
AfB-GaJ 10 support (Bio-Rad Laboratories, Cambridge. MA) according to 
the manufacturer* instructions with a final concentration of 6 mg IgG/m] 
gel. The column was incubated with agitation at 4°C for 18 h with 1 liter 
of HUVE cell media that hod been conditioned for 48 h. The gel was then 
poured into a column (5 x L5 cm), washed with 4 vol of 0.1 Neceticccid 
made pH 7.5 with ammonium acetate, and the am .body-bound PDGF 
unrouooreactive proteins were ehned with 1 N acetic acid. Peak fractions 
were determined by biological assays and immunoblotting and the fractions 
pooled. 

Biological Assays 

Chcmotactic activity wtw determined in the Boyden chamber chernotaxis 
assay with NIH 3T3 or bovine conic smooth muscle (BASM) cells as previ- 
ously described (Grotendorst et al., 1981, 1987). Mitogenic assays were 
performed using 96-weil plates and NRK fibroblasts or NIH 3T3 ceils as 
target cells. The cells ore plated in DMEM, 10% FC S, and the NRK cell 
cultures used 10-14 d after confluence and 3T3 cells made quiescent by in- 
cubating for 2 d in scrum-free DMEM, 0.2 mg/ml BSA before use. Sample 
proteins and dilutions of known standards were added to the wells and the 
plates incubated at 37°C in 10% COj, 90% air for 18 h, after which 
^-thymidine at a final concentration of S pCi/ml was added and incubated 
for an additional 2 h. The media was removed, the eel s washed, and DNA 
synthesis determined from the J H-thyinidine incorpoi'auon into TCA-pre- 
cipitable material by scintillation counting. 

Gel Electrophoresis and Immunoblotting 

Electrophoresis was performed on 12% polyacrylanudc gels containing 
SDS (Laemmli, 1970) unless otherwise stated. Inmwblomng was per- 
formed by electroblocting the proteins to a nitrocelluio:* membrane and in- 
cubating the membrane in SO mM Tris-HCl, pH 7.4, 100 mM NaCl (TBS) 
with 2 % nonfot dry milk at 25 °C for 1 b to block nonspecific antibody bind- 
ing. The blocking solution was removed and the anabedy (IS jig/ml) added 
in TBS containing 05% nonfat dry milk and 1 pg/ml sodium azide and in- 



cubated overnight at 23°G The membranes were then washed five tunes in 
TBS, 05% milk for 10 min each wash and then mmhMnrl with alkaline 
pfeosphBtaee-conjugoted affinity porined rabbit anti-goat IgG (KPL, Gai- 
tfesrsburg, MA)ato l:\ft80 dilution in TBS containing 05 5S milk at 25°C 
for 1 h- The filers were then washed with TBS five riim, 10 min each time, 
and the blot was developed using an alkaline phosphatase substrate solution 
(0.1 M Tris-HO, pH 9, 023 mgfml nitro blue tetrazolium, 05 mg/ral 
5-bfomo-4-cbJoro-3-inddy^ phosphate). 

Receptor Competition Assays 

Assays were perfo r a te d using confluent cultures of NIH 3T3 cells in 24-well 
plates (Castor Data Packaging Corp., Cambridge, MA) grown in DMEM, 
10% FSC 10 Mg/ml Gentnmicin. The growth media was removed and the 
cells were washed twice with scrum-free DMEM, 02 mg/ml BSA, and the 
plates placed on tee for 30 min in serum-free DMEM, 02 mg/ml BSA. Test 
samples and controls were made up in scrum-free DMEM, 02 mg/ml BSA 
containing 5*10 ng/ml of HUVE ammry-purified proteins and a serial dilu- 
tion of one of the recconbinani PDGF isoforms in a concentration range of 
300-16 ag/tnl. 1-ml aliquot* of the samples were placed into wells of the 
24-well plates and maibated on ice on a platform rocker for 2 h. After the 
incu barton period, the cells were washed three tunes for 10 min each on 
ice with PBS. The proteins bound to the surface of the cells were ehned 
with SCO ?! of 1 N acetic acid for 10 min. The acetic acid ehmon samples 
were lyophilized, resuspended in 5 mM HCL, run on 12% polymery larnide 
gels, and immu iron lofted to nttrocdhilosB using the anti-PDGF antibody. 

RNA Isolation and Northern Blotting 

Total RNA was isolated from cells in monolayer culture cells by the method 
of Chomczyoski and Sacchi (1987). Lyophilized RNA was resuspended in 
gel locding buffer containing $0% formamidc and heated at 95°C for 2 min 
before leading (20 ag per lane total RNA) onto 2.2 M formaldehyde, 1% 
agarose gels and run at 30 V. Integrity of RNA was determined by cthidium 
bromide staining and visualization of 18S and 28S rRKA bands. After elec- 
trophoresis the RNA was transferred to nitrocellulose by blotting overnight 
with 10X SSC The nitrocellulose was air dried and baked at S0°C for 2 b 
in a vacuum oven. Hybridization was performed overnight at 46°C with 
the eddition of 5.x 10 s CPM per ml of *P-labeled probe. Normally, for 
Northern blots the entire plasmid was labeled and used as a probe. T nrmllng 
was done with a random primer labeling kit from Boenringer Mannheim 
Bcochemicals (Indianapolis, IN) according to instructions provided. After 
hybridization; n^bixuies vw wa^ed twice in 2x SSC, 01% SDS for 15 
min each at room temperature, once for 15 min in 01 x SSC, 01% SDS 
ream term^eratiiie, and o final 15-rainwashinOlx SSQ01% SDSat46°C. 
Blots were autoradiographed at -70 °C oa Kodak X-omat film. 

Library Screening, Cloning, and Sequencing 

Standard molecular biology techniques were used to subclone and purify 
the various DNA clones (Sarabiook et al., 1989). Clone DB60 was picked 
from a lambda-gtll HUVE cell cDNA library by induction of the fusion 
proteins and screening with anti-PDGF antibody. Plaques picked were 
rescrecned and positive clones replated at low titer and isolated. 

The EcoRI insert from clone DB60 was cloned into the Ml 3 phage vector 
and stogie-stranded DNA obtained for clones with the insert in opposite 
orientations. These Ml 3 clones were then sequenced by the didcoxy method 
(Sanger, 1977) using the Sequenase kit (United States Biochemical Corp., 
Cleveland, OH) and "S-dATP (duftmt Co., Wilmington, DE). Both 
strands of DNA for this clone were completely sequenced using primer ex- 
tension and both GTP and FTP chemistry, The sequencing reactions were 
done according to the manufacturer's instructions. Aliquot* of the sequenc- 
ing reactions were run oa both 6% ocrylamide 06 b) and 8% acrylarnide 
(6 h) gels, vacuum dried, and autoradiographed for at least 18 h. 

The cDNA fragment from clone DB60 was W P-CTP labeled and used 
to rescreen the HUVE cell cDNA lambda gtll library. Several clones were 
picked and me largest, the 2,100-bp clone designated DB60R32, was sub- 
cloned into Bluescript phagemid. Subclones were made of Pstl, Kpnl, and 
EcoRI/Kpnl restriction fragments, also in Bluescript. These subclones were 
sequenced by double-stranded plasmid DNA sequencing techniques using 
Sequenase as described above. The l,458-bp BcoRUKpnl clone containing 
the open reeding frame was subcloned into M13 mpl8 and M13 mpl9, and 
both strands of DNA were completely sequenced using single-stranded 
DNA sequencing techniques with primer extension and bom GTP and ITP 
chemistry. 
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In Vitro Transcription and Translation 

la vitro transcription recctioas were done using the 2,t00-bp cONA done 
DB6Q/32 in the BlttcscripJ KS vector. The pJasmid eas cut with Xfcol, 
which cuts the ptn&nud once in the multiple cloning site of the vector 3' to 
the cDNA insert The T7 promoter she located 3' to tae cDNA insert wos 
used for tnmscription. Tttz in vino transcriptions were done with a kit sup- 
plied with the Bluescript vector by SoTUageoc Doning Systems and the 
rnanu£ccturer*5 instructions wae followed. 

In vino translation reactions *?re done using rnirleasc-treaicd rabbit 
reticulocyte lyaate and ^S-cyeteins in a cysteine-frae amino acid mix for 
labeling of the peptide. The reactions were done with a hit supplied ton 
Promcgo Bkaec (Madison, WI) ond the manufacturer* iostrucQons were 
followed. The reactions were done in a final volume of 30 p) containing 
"S-cystetne 1 mOral (U200 Ci/mMole, Dufont Co.; . and serial dilutions 
ofraRNA from the in vitro transc rip ti o n reactions in concentrations ranging 
from SO to 500 ng per reaction tubs. The reactions wcie incubated at 30°C 
for 60 min. Aliquot* of the reactions were run reduced or nonreduced on 
1255 polyocrylomide electrophoresis gels, dried, ami autoradiographed. 

Bacterial expression of ujummoreactrve CTCF peptide was ccooov 
plishcd by rabcloning doao DB60R32 into the EcoRJ site of the pET 5 ex- 
pression vector (Studier et al., 1990) in both sense and inverse orientations 
(a* determined by restriction enzymo digest analysis). Culture* of cells were 
grown in M9 media to on OD 600 of 0l7 and the media made &4 mM 1FTC 
and incubation continued for 2 h. The cells were pelleted, lyted, inclusion 
bodies removed by ceatrifugation, and aiiquots of the pellet extracts ran on 
\2% polyocrylamide gels ond immunoblotted using the anti-PDGF an- 
tibody. 

For expression in Xtnopus oocytes, mature X lot vis females were ob- 
tained from Nasco (Fort Atkinson, WI) and maintained at room tempera* 
ture. Frogs were anesthetized by hypothermia and in* ovarian tissue was 
surgically removed. Ovarian tissue was minced and digested the 0.2% col- 
lagenase (type II; Sigma Chemical Co.) in OR-2 witnout calcium (Menace 
et al. 1973) for 2-3 b. UitbSeinished stage VI oocytes (Dumont, 1972), 1.3- 
mm diameter, were then carefully selected and mi< reinjected. 

Stage VI oocytes (5-10 at a time) were placed or a hollowed plexiglass 
platform and drained of excess OR-2 solution. Approximately 50 nl of sam- 
ple containing 10 ng of RNA was injected into the ioimal pole just above 
the oocyte equator using a Leiu system miooinjector. After injection, oo- 
cytes were returned to OR-2 buffer with 0.1% BSA ind incubated for 24 h 
at 23°C Viable oocytes were then pooled and extracted by humogenuation 
in 100-mm NoCI. 10 mm Tris, pH 7.5. with ter strokes of a Dounce 
homogenizer (20 /oocyte). The homogenate was then mixed with an equal 
volume of freon to remove pigment and lipid and cemrifuged at 10J0O0 rpm 
for 30 s to separate the phases. The top aqueous phate was removed and 
tested for chemotactic activity using NIH 3T3 ceils as described above. 



Results 

Identification and Partial Purification 
ofPDGF-immunorelated Mitogen from HUVE Cells 

Initial studies of the PDGF-related growth factors secreted 
by HUVE cells were done by removing the serum-containing 
growth media from confluent cultures of cells and replacing 
it with serum-free media. Aiiquots of this media were re- 
moved periodically and the proteins immunoblotted using an 
antibody specific for human platelet PDGF (Fig. 1). This an- 
tibody does not cross-react with any other known growth fac- 
tors and is able to detect <S00 pg of dimeric PDGF or 10 
ng of reduced, monomcric A or B chain fieptide on immu no- 
blots. The results indicated constitutive secretion of several 
species of molecules which are immunologically similar to 
platelet PDGF but are of higher relative molecular mass 
(36-39 kD) than the expected 30-32 kE molecular mass of 
platelet PDGF or A chain or B chain homodimers. Chemo- 
tactic and mitogenic assays performed with this serum-free 
conditioned media indicated the total biological activity 
present was equivalent to 15 ng/ml of platelet PDGF aft r 
a 48-h conditioning period (Fig. 2). Incubation of the media 



6 18 30 46 POGF Figure I Constitutive secrc* 

.130 t* 0 " °f PDGF-inuTumoreac- 
] 7S uve factors by HUVE cdis. 
HUVE cells were grown to 
confluence in 6-well plates 
- -50 The growth media was re- 

■•k- "^L LJ moved, cells were washed 

• .... with PBS, and 1 ml of serum* 

.27 free media was added to each 
well. The media was removed 
17 after condrtioning for the pe- 
riod of time indicated (hours), 
dialyzed against 1 N aceufc 
acid, and lyophilized. The samples were then run on 12% PAGE, 
electroblotted to nitrocellulose, and visualized with the antihuman 
PDGF antibody. 3 ng of purified platelet PDGF was run as refer- 
ence. Positions of mol wt markers (Bio-Rad Laboratories) are in- 
dicated at right 



with 30 ug/ml of anti-human PDGF IgG neutralized 
~2O-30% of the mitogenic activity and similar amount of 
the chemotactic activity. This is in agreement with previous 
reports (DiCorleto, 1984). 

The presence in HUVE culture media of several species 
of PDGF-iramunoreactive molecules was unexpected, par- 
ticularly molecules of higher molecular weight than those of 
the A and B chain dimeric molecules anticipated to be pro- 
duced and secreted by endothelial cells (Collins et al., 1967: 
Sitaras et al., 1987). To obtain greater amounts of the 
PDGF-like proteins for further analysis, the HUVE cells had 
to be kept in media containing 20% FCS, as the cells begin 
to die after 24 h in serum-free or low serum media. The 
PDGF-inununoreactive proteins were partially purified from 
the serum-containing media by use of an antibody affinity 
column made with the anti-human PDGF IgG and an Affi- 
Gel 10 support (BioRad Laboratories). When aiiquots of the 
partially purified proteins were assayed for chemotactic and 
mitogenic activity, all biological activity could be neutral- 
ized by prior incubation of the proteins with the antihuman 
PDGF antibody (Fig. 2). This indicated that the only biolog- 
ically active molecules present in the partially purified media 
proteins were PDGF-immunorelated molecules. Aiiquots of 
the partially purified proteins were immunoblotted using the 
same anti-PDGF antibody and the data indicated the pres- 
ence of the higher molecular weight molecules observed in 
the serum-free conditioned media (Fig. 3). The major spe- 
cies secreted migrates on polyacrylamide gels at 36 kD and 
comprises at least 50% of the total immunoreactive pro- 
tein purified from conditioned media. The immunoreactive 
species migrating at 37 and 39 kD constitute most of the re- 
maining immunoreactive protein. A similar pattern is seen 
with proteins labeled with "S-Cysteine and affinity purified 
with the anti-PDGF IgG immunoaffinity column (data not 
shown). Less than 15% of the total affinity-purified proteins 
comigrate with purified platelet PDGF or recombinant 
PDGF isoforms. Prior incubation of the antibody with 
purified PDGF (300 ng PDGF/2 Mg IgG) blocked antibody 
binding to all f the molecules, indicating shared antigenic 
determinants with dimeric platelet PDGF (Fig. 3, lane 4). In- 
terestingly, when the antibody was blocked with recom- 
binant AA, BB, or AB dimers,' antibody binding to the 
HUVE-secreted proteins was inhibited equally by all three 
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J=T$u/¥ 2. Chemouctic and autogenic assay?; of HUVE cell-con- 
ditioned media and affinity-purified PDGF immunoreactive fec- 
t n (X) Mitogenic assay performed as described using NRKccIU 
as target cells. PDGF BB is 5 ng/ml. PDGF AA is 10 ng/ml. HUVE 
media is 230 /U of HUVE cell senim-fn* conditioned media 
(48 h) which was dialyzed against 1 N acetic acid, lyophilized, and 
^suspended in DMEM before addition to test wells. Affinity- 
purified fraction is 5 pl/ml of combined, concentrated major pool 
from Affi-Gel 10 affinity column. Anti-PDGF IgQ or nonimmune 
IgG (30 ^g/ml) was added to the samples arc. incubated 18 h at 4°C 
before testing in the autogenic assay. Data paints in A and B repre- 
sent the mean of triplicate samples and the standard deviation is 
<5 % . Hie experiments were repeated at least three times with simi- 
lar results. (B) Chemotactic assays were performed as described 
under Materials and Methods using NIH 773 cells as target cells. 
PDGF BB is 5 ng/ml. PDGF AA is 10 n ; j/ml. HUVE media is 
serum-free DMEM, 0.2 mg/ml condition sd for 48 h. Affinity- 
purified fraction is 2.5 fd/ml of combined, concentrated major pool 
from Affi-Gel affinity column. Antibody neutralization is per- 
formed as described under A. 



dimeric forms, suggesting that the antitedy recognizes com- 
mon epitopes present on all three PDGF dimers and the 
HUVE-secreted molecules (our unpublished observations). 
T insure that none of the antibody binding molecules de- 
tected on Western blots were derived f rom FCS or other ad- 
ditives in the culture media, a new, unused antibody affin- 
ity column was made and media not conditioned by cells 
was processed exactly as the conditioned media. No PDGF- 
immunoreactive molecules were detected in the fractions 
from this column by ixnmunoblot (Fig. 3, lane 5) and no 



2 3 4 5 Figuml ImntunoblotofHUVE 

cell-secreted PDGF-related 
factors. Proteins were run on 
a 12SS polyzcrylamide gel elec- 
troblotted to a nitrocellulose 
membrane and the immunore- 
active factors visualized with 
aotxhuman PDGF IgG as de- 
scribed under Materials and 
Methods, (lane /) 5 /d of af- 
finity-purified HUVE cell-se- 
creted proteins. (Iane2) 10 ng 
£3 17 of synthetic AA homodimer 

(top band) and 10 ng of BB 
honiodimcT {lower band), (lane 
3) 50 >d of reduced HUVE affinity-purified proteins, (lane 4)5 id 
of HUVE affinity-purified HUVE proteins but with antihuman PDGF 
antibody blocked with 300 ng of PDGF. (lane 5) Control column of 
10 pi of anti-PDGF Affi-Gel 10 affinity-purified protein fraction 
from media which was not conditioned by cells. 



biological activity was detected (data not shown). When 
platelet PDGF or the recombinant dimers are reduced with 
100 mM DTT, monomeric A chain (17 kD) and B chain (14 
kD) peptides are observed on immunoblots. Treating the 
HUVE molecules in a 100-mM DOT sample buffer results 
in slower migration of the major immunoreactive peptides on 
polyacrylamide gels (Fig. 3, lane J). Most of the immunore- 
active molecules migrate at 38-39 kD and less intense bands 
are observed at 25 and 14 kD. It is necessary to run at least 
10 times as much reduced protein as nonreduccd in order to 
detect the reduced molecules. This is consistent with the 
affinity of our antibody for monomeric forms of the PDGF 
A and B chain peptides. These data indicated that the major 
species in the PDGF-related affinity-purified proteins from 
conditioned media of HUVE cells was monomeric peptide 
which migrates on acrylamide gels at an apparent molecular 
mass of 36 kD nonreduccd and 38 kD when reduced* 

Major Chemotactic and Mitogenic 

Activity Is Produced by 36-fcD Peptide and Not 

PDGF Peptides 

To determine if the chemotactic and mitogenic activities ob- 
served in the partially purified media proteins were from 
molecules containing the PDGF A and B chain peptides or 
were the products of molecules that dp not contain these se- 
quences, biological assays were performed with serial dilu- 
tions of the affinity-purified media proteins and serial dilu- 
tions of recombinant PDGF AA and BB homodimers and the 
AB heterodimer. (Fig. 4). Sufficient quantities of the sam- 
ples were prepared to perform the mitogenic and chemotac- 
tic assays and the immunoblots with aliquots of each dilution 
sample. The mitogenic activity of the HUVE affinity-purified 
factors observed was comparable to the activity elicited by 
all three recombinant PDGF dimers. The chemotactic activ- 
ity was comparable to the AB heterodimer, producing less 
response than the BB homodimer and greater response than 
the AA homodimer. When the biological activity of the sam- 
ples was compared with immunoblots of equivalent amounts 
of the sam samples, no A chain nor B chain molecules were 
detected in the test samples (Fig. 4). These data demonstrate 
the major biological activity present in the anti-PDGF affin- 
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Figure 4. Biological assays and immunoblots of serial dilutions of 
HUVE cell affiiuty-purified media proteins and recombinant 
PDGF standards, (A and B) Filled circle is HUVE cell affinity- 
purified media proteins; open circle is B8 hotnodimer; open trian- 
gle is AB heterodixner, closed triangle is AA homodimer. Mtto- 
genic assay (A) and chemotmic assay (B) were performed as 
described with NIH 3T3 cells. The test samples in both biological 
assays and toe unrnunoblot are equal aliquots of the same dilution 
sample. Data points represent the mean of triplicate samples with 
SD <10%. (C) (imimmoblot A) Primary antibody is anti-human 
PDGF IgG. (lane 7) 20 ng HUVE purified media proteins, (lane 
2) 20 ng AB heterodixner. (immunoblot B) Primary antibody is an- 
tiamino terminal A chain serum, (lane / ) 20 ng of HUVE-purified 
media proteins, reduced, (lane 2) 20 ng AA tomodiraer, reduced, 
(lane J) 1.23 ng AA bomcdimer, reduced. Ummunoblot C) Pri- 
mary antibody is anticarboxy terminal B chain serum, (lane 1 ) 20 
ag HUVE-purified media proteins, reduced, (lane 2) 20 ng BB 
homodimer, reduced, (lane 3) 2.5 ng BB homodimer, reduced. 
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Figure 5. PDGF cell surface receptor-binding competition assay 
with NIH 3T3 cells and HUVE affinity-purified proteins competing 
with recombinant PDGF BB homodimer. Tjhw l contains 10 ng of 
HUVE affi2m>purirjed proteins and lane 9 contains ID i% of 
recombinant PDGF BB homodimer Lanes 2-8 are proteins dis- 
sociated in one well of a 24- well plate from the cell surfcee of NIH 
3T3 cells with acetic acid. The cells in each well were incubated 
for 2 h at 4°C with serum-free DMEM containing 10 ngof affinity- 
purified protein from HUVE ceU-condhioned media and varying 
concentrations of recombinant PDGF BB. The concentration of 
PDGF in lane 2 is 300 ng; lane 3, 150 ng; lane 4, 75 ng; lane 5, 
37.5 ng; lane 6 18.75 ng; lane 7, 9.4 ng; and lane 8 contains no addi- 
tion of PDGF. 



ity-purified fraction cannot be accounted for by PDGF A or 
B chain-containing molecules and imply that the major 
PDGr^ioununorcactive protein species present in these sam- 
ples (the 36-kD peptide) is biologically active and does not 
contain, amino acid sequences found in the amino and car- 
boxy terminals of the PDGF A or B chain peptides. 

lb substantiate the binding of the endothelial cell mole- 
cules to the PDGF cell surface receptors, competitive recep- 
tor binding assays were performed. Because immunoblots of 
the affinity-purified HUVE cell-secreted proteins indicated 
the presence of multiple PDGF immunoreactive molecules, 
,2> I-labeled PDGF competition assays could not be used 
since this would not indicate which molecules in this mixture 
were competing for binding of the labeled PDGF for the 
receptors on the target cells. Since the isofbrms of PDGF and 
the major PDGF immunorelated protein secreted by HUVE 
cells are of different molecular weights, we were able to 
demonstrate receptor binding competition on immunoblots. 
Direct binding of the anti-PDGF immunoreactive peptides to 
NIH 3T3 cells was demonstrated by incubating monolayers 
of the 3T3 fibroblasts with the anti-PDGF affinity-purified 
proteins (10 ng/ml) for 2 h at 4°C. Bound peptides were 
released by washing of the cell layer with 1 N acetic acid and 
quantitated by immunoblot analysis using anti-PDGF IgG 
(Fig. 5). The data show that the 36-kD immunoreactive 
peptide binds to cell surface of NIH 3T3 cells. Th is binding 
can be competed by increasing concentrations of recom- 
binant PDGF BB added to the binding media. These data 
suggest that the CTGF peptide binds to specific cell surface 
receptors on NIH 3T3 cells and that PDGF BB can compete 
with this binding. Whether CTGF binds to a certain class of 
PDGF receptors or whether there is some cross reactivity of 
PDGF BB with CTGF receptors that are distinct from PDGF 
receptors is not clear from these results and will require a 
more in-depth study 

Cloning Expression and Sequencing of the cDNA 
forCIGF 

To further characterize these PDGF-related molecules, we 
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Ffetire 6. Northern blot of CTOF transcript jd HUVE total RNA 
and in vitro translation product of cDNA clone DB60R32 and im- 
muaore&ctive peptide from prokaryotic expression. (A ) 20 Mg of to- 
tal RNA from cultured HUVE cells was run on a 1,5% agarose gel, 
transferred to nitroceUulooo, and probed with "P-labsled DB60 
clone. Autoradiograph indicates hybridization to a 2.4-kb tran- 
script. (£) Lanes 1 and 2 are an immunoblot uing the antihuman 
PDGF antibody with (/) 10 ng nonreduced arid (2) 100 ng reduced 
of HUVE cell am^ty-purified proteins from conditioned media. 
Lane 3 is an autoradiograph of 4 pi of a 50-pd rabbit reticulocyte 
in vitro translation reaction which incorporated 1 /ig of RNA tran- 
script from an in vitro transcription reaction using the 2,100-bp 
clone DB60R32 in Bluescript phagexnid. Autoradiograph was ex- 
posed for 24 h. (C) Done DB60R32 was cloned into the EcoRI 
site of pETS protcaryotic expression vector in bom sense and inverse 
orientations. Protein expression was inducec by IPTG for 2 h and 
2f>jil aliquots of cell pellet extract were run on 12% polyacryl- 
amide gels and immunoblotted using the anti-PDGF antibody. Lane 
1 is the antisense control and lane 2 is the sense strand peptide pro- 
duced by clone DB60R32. (Z>) Capped mRNA was prepared by in 
vitro transcription of the DB60R32 clone in Bluescript phagemid 
after restriction with Xhol. Oocytes were mkroinjected with buffer 
(control, no RNA) or 10 fig of either control or CTCF mRNA. To- 
tal oocyte protein was extracted after 24 h. Ctemotaxis assays were 
performed as described under Materials and Methods with NIH 
3T3 cells using 2S Mg of oocyte total protein n each sample. PDGF 
BB (5 og/ml) positive control is shown for comparison. The results 
represent the average of triplicate samples with a variation of <10 % . 
These studies were repeated twice. 
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Figure 7 Blocking of anti- 
PDGF reactivity f native 
CTCF by recombinant CTCF 
produced in £ coli. Western 
blots were performed using 
CTCF isolated from endothe- 
lial cgU-ccmditjODgd media and 
anti-PDGF IgG as described 
under Materials and Methods. 
Identical samples of CTCF 
were probed with anti-PDGF 
IgG that had been incubated 
with control bacterial cell ex- 
tract (non-CTCF producing) (non-blocked) or with an equal amount 
(50 Mg total protein) of extract from a recombinant strain producing 
CTCF (blocked). These are the same recombinant pET-CTCF and 
control bacterial cells used in the experiment described in Fig. 
6 C. The recombinant CTCF completely blocked the immunoreac- 
tivity of the anti-PDGF with the native CTCF isolated from the con- 
ditioned media. 



first attempted to obtain sufficient quantities of the CTGF 
protein for amino acid sequencing. However, the low con- 
centrations of CTCF in the conditioned media of HUVE cell 
cultures and the costly and time consuming techniques in- 
volved in obtaining and culturing these cells made protein 
purification to homogeneity and amino acid sequencing im- 
practical. Therefore, we used the anti-PDGF antibody to 
screen an HUVE cell cDNA library made in the expression 
vector lambda gtll (a gift from T. Collins, Harvard). Over 
500000 recombinant clones were screened. Several clones 
which gave strong signals with the anti-PDGF antibody in 
the screening process were purified and subcloned into the 
Ml 3 phage vector and partial sequence data obtained by sin- 
gle stranded DNA sequencing. A search of the GenBank 
DNA sequence data base indicated, that two of the clones 
picked contained fragments of the PDGF B chain cDNA 
open reading frame sequence. One of these clones was simi- 
lar to a 1.8-kb insert previously isolated by Collins et al. 
(1985) using a c-sis cDNA probe. A third clone of 500 bp 
was completely sequenced and no match was found in a ho- 
mology search of all nucleotide and amino acid sequences 
in GenBank (CEF 10 sequence was not available at that 
time). This clone was designated DB60. Anti-PDGF anti- 
body binding to the fusion protein produced by the clone 
DB60 was completely blocked by the affinity-purified pro- 
teins (not shown). A "P-labeled probe was made of DB60 
and used on a Northern blot of 20 pg of total RNA isolated 
from HUV£ cells (Fig. 6 A). The blot indicated probe hy- 
bridization with an mRNA of 2.4 kb, which is a message of 
sufficient size to produce the proteins in the 38-kD molecular 
mass range seen on the immunoblots of the affinity-purified 
proteins. The DB60 clone was used to rescreea the HUVE 
cell cDNA lambda gtl 1 library and the largest clone isolated 
contained a 2,100-bp insert designated DB60R32. A probe 
made with the 2,100-bp EcoRi insert of clone DB60R32 also 
hybridized with a single 2.4-kb message in a Northern blot 
of total RNA from HUVE cells (not shown). To determine 

the size of the peptide encoded in the open reading frame of 

DB60R32. the 2,100-bp insert was cloned into the Blue- 
script vector and transcribed in vitro using T7 polymerase 
and the mRNA transcript translated in vitro using a rabbit 
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5. (A ) Nucleotide sequence 
and amino acid translation of 
CTGF cDN A from human vascu- 
lar endothelial cells: The open 
reading frame for the CTGF pro- 
tein extends from the ATC initia- 
tion site at nucleotide 130 to the 
TGA site at 1177. The possible 
glycosylation sites at asparagines 
28 and 225 are underlined. The 
putative alternative splicing re* 
gion is boxed. The 3* region con- 
tains three ATTTA sites which 
are underlined. (B) Sequencing 
map of CTGF cDN A clone. The 
top line represents the 2j075*bp 
DB60R32 clone containing the 
open reading frame of CTGF. Re- 
striction enzyme sites used in 
subcloning are indicated as are 
the ATG initiation site and the 
TGA termination codon. Squares 
indicate locations of primers used 
in sequencing. Solid arrows indi- 
cate single-stranded DNA sequenc- 
ing data and broken arrows indi- 
cate area in 3' regi n sequenced 
by double-stranded DNA methods. 
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Figure 9l Comparison of ami- 
no acid sequences of the trans- 
lated cDNA for CTGF and 
the CEF-10 mRNA translation 
product. The translated cDN A* 
for human CTGF and avian 
CEF-10 have a 45% overail 
homology and a 52% homol- 
ogy if the putative alternative 
splicing region is deleted. This 
region is between amino acids 
171 (aspartic acid) and 199 
(cysteine) in the CTGF se- 
quence. Homologous regions 
are shaded and the aligned 
cysteines are marked with an 
asterisk. 



reticulocyte lysatc and "S-cysteirte. Aliquots of the transla- 
tion reaction were reduced with 50 mM DTT and run on 
12% polyacrylamide gels. The data indicate a protein prod- 
uct which migrates at an apparent molecular mass of 38 kD 
and comigrates with the reduced affinity-purified proteins 
observed on irnmunoblots (Fig. 6 B). The clone DB60R32 
was subcloned into the EcoRI site of the prokaryotic expres- 
sion vector pET 5 in both orientations and transfected into 
E. co li strain HMS174. The CTGF protein was induced by 
IFTG and aliquots of the cell lysate were immunoblotted 
(Fig. 6 C). The protein produced by clone DB60R32 in the 
sense orientation produced anti-PDGF immunoreactive pep- 
tides in the 36-39 EcD molecular mass range, while the anti- 
sense control produced no immunoreactive peptides. The 
recombinant peptides produced in the £. coli system com- 
pletely blocked the anti-PDGF reaction with the CTGF pep- 
tides present in conditioned media (Fig. 7). 

Bioassays of extracts of the recombinant bacterial cells that 
were producing the CTGF peptide were negative. We then 
evaluated several eukaryotic expression systems, including 
microinjection of Xsnopus oocytes. Injection of Xenopus 
oocytes with 10 ng of RNA preparations derived by in vitro 
transcription of the DB60R32 clone resulted in the produc- 
tion of a fibroblast chemotactic activity; (Fig. 6 D). Control 
injected cells did not produce this activity. These results in- 
dicate that the open reading frame of the DB60R32 clone en- 
codes a prote in w ith chemotactic activity for fibroblastic 
cells as does CTGF. 

The 2,100-bp insert of clone DB60R32 was sequenced ini- 
tially by subcloning of Pst I and Kpnl res miction fragments 
into Bluescript and using double-stranded dideoxy methods. 
This determined an open reading frame of 1,047 base pairs 
and oriented the DB60 insert to the larger cDNA (Fig. S). 
An EcoRI/Kpnl fragment containing the entire open reading 
frame was inserted into Ml 3 mpl8 and M13 mpl9, and both 
strands of the DNA were sequenced wiih single-stranded 
dideoxy methods by primer extension using both GTP and 
the GTP analogue FTP. The cDNA nucleotide sequence of 
the open reading frame encoded a 38,000 mol wt protein, 



confirming our cell-free translation results and matching the 
size of the immunopurified peptides (Fig. 8). A new search 
of the GenBank database revealed that this cDNA had a 50% 
nucleotide sequence homology with CEF-10 mRNA, one of 
the immediate early genes induced in v-sre-transformed 
chicken embryo fibroblasts (Simons et al. t 1989) (Fig. 9). 

Discussion 

The data presented here indicate that the major connective 
tissue mitoattractant secreted by HUVE cells is a 38-kD 
monomeric molecule which appears to be antigenically and 
functionally related to PDGF, but is not a product of the 
PDGF A or B chain genes. We find that HUVE cells also 
secrete both PDGF A and B chain molecules, but at much 
lower concentrations than the 38-kD monomer and these 
peptides contribute only a minor fraction (<10%) of the total 
PDGF-related chemotactic and mitogenic activity secreted 
by these cells under the conditions tested. In the biological 
assays performed with the affinity-purified proteins from 
HUVE media, biological activity equivalent to 20 ng/ml of 
PDGF was obtained at low concentrations of the CTGF mol- 
ecule where no detectable (<2 ng) PDGF A or B chain mole- 
cules were present. All biological activity could be removed 
by prior incubation of these samples with the anti-PDGF an- 
tibody. Because all three isomeric forms of the PDGF dimers 
blocked antibody binding to the CTGF molecule, it is sug- 
gested that there are some common antigenic determinants 
shared among these proteins although there is little if any 
peptide sequence homology. The anti-PDGF antibody has 
high affinity to the nonreduced forms of the PDGF isomers 
and the CTGF molecule and tenfold less affinity to the re- 
duced forms of these peptides which lack biologically activ- 
ity. This suggests that there are regions of shared tertiary 
structure between the PDGF isomers and the CTGF mole- 
cule, resulting in common antigenic epitopes and possible 
receptor binding sites of these molecules. 

The sequence of the cDNA for CTGF indicates an open 
reading frame of 1 J047 nucleotides with an initiation site at 
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position 130 and a TGA termination site at position 1 177 
which encodes a peptide of 349 amino acids (Fig. 8) The 
ATG codon at position 130 and another at position 145 fit 
the consensus sequence for strong translation initiation sites 
(Kozak, 1984) and it is assumed that the first ATG is the pre- 
dominant initiation site. There is a 40% sequence homology 
between the CTGF cDNA and the cDNA for both the A and 
B chains of PDGF. suggesting a possible common ancestral 
gene. The 3' region contains three copies of the pentanucleo- 
nde sequence ATTTA shown to be involved in mRNA 
destabihzation and frequently found in cytokine and on- 
cogene mRNA 3' regions (Shaw and Kamen. 1986). 

The CTGF open reading frame encodes a peptide that con- 
tains 39 cysteine residues, indicating a protein of complex 
structure with multiple intramolecular disulfide bonds This 
may explain the shift to slower mobi:ity observed on poly- 
acrylamide gels after reduction of the molecule with DTT 
The amino terminal of the peptide contains a hydrophobic 
signal sequence indicative of a secreted protein, and there 

^.S^S • g| y cos y lation si, « »« asparagine residues 
and 225 in the amino acid sequence. There is a 45 % over- 
all sequence homology between the CTGF peptide and the 
protein encoded by the CEF-J0 mRNA transcribed the ho- 
mology rises to 52% when a putative alternative splicing re- 
gion ,s deleted All 39 cysteine residua in each peptide™ 
be aligned w ( th few gaps in4he sequences (Fig. 9), The re- 
gion between amino acid residues- 171 (aspartic acid) and 
199 (cysteine) in the CTGF peptide has no significant homol- 
ogy to the corresponding region in the CEF-10 sequence 
(amino acids 168-224) and is 28 amino acids.shorter This 
discrepancy could be due to difference.} incurred during evo- 
lution of the chicken and human genes. However, because 
this region is bordered by areas of very high homology be- 
tween the two molecules (>85.% identity) it may indicate al. 
temative splicing mechanisms in the expression of this gene. 
The codons for lysine at residue 170 and aspartic acidat resi- 
due 171 together form the AAG/G seqience consistent with 
a 3 exon/S «»n junction. Alternative splicing is found in 

^onir*^ fe , C „'^ ««h as the PDGF A chain 
Collins et a!.. 1987) and vascular endothelial growth factor 
(Uungetal.. 1989; Keck etal., 1989; Tischer etal., 1989) 
The biological significance of either of these splicing events" 
has not yet been determined. 

Simmons et al. 0989) cloned the CEF-10 mRNA, which 
v^one of 2 identified cDNA sequences transcribed from 
mRNAs that were induced scon after the production of the 
twS? , 0 P ro ^ Pl*°'~ in chicken embryo fibroblasts., 
ine CEF-10 mRNA was induced in nontransfected CEF 
cells by serum. Both the sre protein and serum induce the 
expression of the "immediate early genes" many of which are 
necessary for the CVG, transiUon in the cell cycle (for re- 
view see Rollins and Soles. 1989). One major group of these 
genes cons.sts of intranuclear DNA-binding proteins includ- 
ng fos. myc, and jun, which are cssenti.il for cell cycle rejru- 
Jation. Another major group of genes induced by serum and 
sre encodes secretory proteins with cytakine characteristics 
such as the JC gene (Cochran et al., 1983), which has a 
cDNA sequence with significant homology to the cytokines 

,°° 0 ?? fecl0f (M ^ SF >' «W» 

feron and interlukin-2 (Rollins et al., |Og8), or the KC gene 

(Cochran etal., 1983) which is homologous to the gro gene 

in humans (Oquendo et al., 1989; Anisowicz et al 1987) 



Tte gro protein product is related to CEF-*. another of the 
li ac and serum-inducible mRNAs cloned from CEF cells 
(Bedard et al., 1987). We have found that the CTGF £ne 
« rapid y induced by serum in human slur, fibroblasts and 
Ujai cycloheximide treatment does not block this induction 
Ugarashi, A., and G. R. Grotendorst, manuscript submitted 
for publication). Thus, the CTGF gene is an immediate early 
gene which appears to encode a secreted peptide with cyto- 
kine activity. 

The data presented here suggest that the CTGF molecule 
has biological activity similar to PDGF and may bind one 
of the PDGF cell surface receptors. CTGF could function in 
many biological processes involving the growth of connec- 
uve tissue The fact that we find CTGF secreted by vascular 
endothelial cells indicates that the peptide could be.present 
m serum. The conditions under which the protein would be 
secreted in vivo are not yet known and we are currently pur- 
suing studies on the regulation of gene expression and pro- 
ton secretion by cultured endothelial cells. Secretion of 
CTGF during angiogenesis would facilitate the growth of 
smooth muscle cells and fibroblasts so that it may play an im- 
portant role in the control of blood vessel formation during 
development and wound repair. CTGF could also play a role 
in atherosclerosis where it could function to recruit smooth 
muscle cells from the medial layer of the vessel wall into the 
muma. Other investigators have detected PDGF transcripts 
in arterial tissues (Barren and Benditt, 1987), and the PDGF 
mRNA levels appear to be elevated in atherosclerotic lesions 
(Barrett and Benditt, 1988). The secretion of CTGF peptides 
by endothelial cells would also stimulate the chemotaxis and 
growth of smooth muscle and fibroblasts at the plaque site 
thereby aggravating vessel blockage. Whether CTGF pn> 
duction is required for transformation by the sre oncogene 
remains to be determined, but it is interesting that CTGF 
could function as an autocrine growth factor for sre trans- 
formed fibroblasts. Direct experiments to determine the 
transforming potential of this cDNA are currently underway. 
We are also in the process of constructing vectors for eukary- 
otic expression systems in order to obtain recombinant 
CTDF for further analysis. Future experiments using CTGF- 
specific antibodies and nucleotide probes should help to de- 
termine the role of CTGF during the normal biological and 
pathological processes which involve connective tissue for- 
mation. 
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Prostate cancer, the most frequent solid cancer in older 
men, is a leading cause of cancer deaths. Although prolif- 
eration and differentiation of normal prostate epithelia 
and the initial growth of prostate cancer cells are androgen- 
dependent, prostate cancers ultimately become andro- 
gen-independent and refractory to hormone therapy. The 
prostate-specific antigen (PSA) gene has been widely used 
as a diagnostic indicator for androgen-dependent and -in- 
dependent prostate cancer. Androgen-induced and pros- 
tate epithelium-specific PSA expression is regulated by a 
proximal promoter and an upstream enhancer via several 
androgen receptor binding sites. However, little progress 
has been made in identifying androgen-independent reg- 
ulatory elements involved in PSA gene regulation. We 
report the isolation of a novel, prostate epithelium-spe- 
cific Ets transcription factor, PDEF (prostate-derived Ets 
factor), that among the Ets family uniquely prefers bind- 
ing to a GGAT rather than a GGAA core. PDEF acts as an 
androgen-independent transcriptional activator of the 
PSA promoter. PDEF also directly interacts with the DNA 
binding domain of androgen receptor and enhances an- 
drogen-mediated activation of the PSA promoter. Our re- 
sults, as well as the critical roles of other Ets factors in 
cellular differentiation and tumorigenesis, strongly sug- 
gest that PDEF is an important regulator of prostate 
gland and/or prostate cancer development. 



Prostate cancer, the most common solid cancer in older men, 
is one of the most frequent causes of cancer deaths. The lack of 
effective therapies for advanced prostate cancer reflects in part 
the lack of knowledge about the molecular mechanisms in- 
volved in the development and progression of this disease (1, 2). 
In particular, little is known about the mechanisms that trig- 
ger the conversion of an initially androgen-dependent cancer to 
androgen independence (1,2). Prostate cancer development can 
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be divided into different steps of epithelial cell transformation 
(3). Proliferation within the normal and hyperplastic prostate 
epithelium is restricted to the basal cells and is regulated by 
autocrine or paracrine growth factors. Differentiation from ba- 
sal cells to secretory luminal epithelial cells is androgen-de- 
pendent, and androgen remains crucial for the initial growth of 
prostate cancer cells (3, 4). Nevertheless, prostate cancers ul- 
timately become androgen-independent and refractory to hor- 
mone therapy. PSA 1 has been used widely as a diagnostic 
indicator for prostate cancer (5). PSA is expressed by normal 
and cancerous luminal epithelial cells of the prostate, and its 
expression is under the control of androgens acting through the 
AR (5). However, even in hormone-refractory prostate cancer, 
PSA is expressed, suggesting an androgen-independent compo- 
nent in PSA regulation as well (6), PSA gene expression is 
regulated by the proximal promoter and a strong upstream 
enhancer region (7-9). Both regulatory regions contain binding 
sites for AR and are essential for androgen-induced transcrip- 
tional activation of the PSA gene. However, little progress has 
been made in identifying androgen-independent regulatory el- 
ements involved in PSA gene regulation. 

We report here the characterization of a novel prostate epi- 
thelial-specific Ets transcription factor, PDEF, that is involved 
in PSA gene regulation and acts as a co-regulator of AR. Ets 
factors play a crucial role in the regulation of genes involved in 
hematopoiesis, angiogenesis, organogenesis, and specification 
of neuronal connectivity (10-12), and several distinct chromo- 
somal translocations involving various Ets factors have been 
discovered in human cancer (10-12). The recent isolation of 
three epithelial-specific Ets factors, ESE-1 (ESX/ELF3/ERT/ 
JEN), ESE-2 (ELF5), and ESE-3 (EHF), has demonstrated the 
relevance of Ets factors in epithelial cells (13-21). Our results 
now support the notion that PDEF is involved in prostate 
epithelium-specific gene expression and possibly in prostate 
cancer development or progression. 

MATERIALS AND METHODS 

Cell Culture — Human foreskin keratin ocytes, HaCAT (keratinocyte 
line), HEK293 (fetal epithelial kidney), C-33A (cervical carcinoma), 
HeLa (cervical carcinoma), Hi 57 (large cell lung carcinoma), H249 
(small cell lung carcinoma), HUVEC (endothelial), U-937 (monocytes), 



1 The abbreviations used are: PSA, prostate-specific antigen; AR, andro- 
gen receptor, DHT, dihydrotestosterone; PDEF, prostate-derived Ets factor; 
EMSA, elect rophoretic mobility shift assay; EST, expressed sequence tag; 
RT, reverse transcriptase; PCR^polymerase chain reaction; GST, glutathi- 
one 5-transferase; kb, kilobase pair(s); MAP, mitogen-activated protein; 
GAPDH, glyceraldehyde-3-phosphate dehydrogenase. 
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human synovial fibroblasts, and human chondrocytes were grown as 
described (15, 22). LNCaP (prostate cancer) cells were grown in T- 
medium (Life Technologies, Inc.) with 10% fetal calf serum. 

Isolation of PDEF cDNA — A human expressed sequence tag (EST) 
from a subtracted prostate benign hyperplasia cDNA library with sig- 
nificant homology to the ETS domain was identified in the Human 
Genome Sciences EST data base using the tBLASTN program (NCBI). 
To isolate the entire coding region for PDEF, we performed the rapid 
amplification of cDNA ends method using human adult prostate Mar- 
athon Ready cDNA (CLONTECH) as described (15, 23). 

RT-PCR Analysis and Northern Blot Analysis — mRNAs were iso- 
lated as described (24, 25). Northern blots containing poly(A) + mRNA 
(CLONTECH) were hybridized with random prime-labeled PDEF, ESE-1, 
and GAPDH cDNA probes in QuickHyb solution (Stratagene) (15). 

cDNAs were generated from 1 pg of mRNA. RT-PCR reactions were 
performed and analyzed as described (15). 

The sequences of the PDEF primers were: sense, 5 ' -GACCAGTGAG- 
GAGAGCTGGACCGA-3'; antisense, 5 ' -TGACCTTGGGCTCTGGAAG- 
GTCAG-3' with an expected size of 473 base pairs. 

The sequences of the primers for GAPDH were: sense, 5'-CAAAGT- 
TGTCATGGATGACC-3'; antisense, 5'-CCATGGAGAAGGCTGGGG-3' 
with an expected amplification product of 200 base pairs. 

Expression Vector and Luciferase Reporter Gene Constructs — The 
PSA promoter containing 7 kb of 5' upstream region was inserted into 
the pGL3 luciferase vector (pGL3/PSA). The PSP954 promoter and the 
CRISP-3 promoter were inserted into the pGL3 promoter as described 
(21). The full-length PDEF cDNA as well as other Ets factor cDNAs as 
described under "Results" were inserted into the EcoRl site of the pCI 
(Pr omega) eukaryotic expression vector downstream of the cytomega- 
lovirus and T7 promoters (pCI/PDEF). Coupled in vitro transcription/in 
vitro translation reactions of full-length PDEF and other Ets factors 
were performed (Promega) as described (26). The human AR expression 
vector pARO was kindly provided by Dr. Albert Brinkmann (Erasmus 
University, Rotterdam, The Netherlands) (27). 

Electrophoretic Mobility Shift Assay (EMSA) — EMSA were per- 
formed as described (22, 26) using 2 p\ of in vitro translation product 
and 0.2 ng of 32 P-labeled double-stranded oligonucleotide probes (20000 
cpm) and run on 4% poly aery 1 amide gels, containing as buffer 0.5 x TGE 
as described (15). 

Oligonucleotides used as probes are as follows. 

1) PSA promoter oligonucleotide WT Ets site A (-268): 
5' -TCGAGGCCCAGGATGAAACAG-3 ' 

3 ' -CCGGGTCCTACTTTGTCAGCT- 5 ' 

2) PSA promoter oligonucleotide WT Ets site B (-5494): 
5 ' -TCGAGAGCCAGGATGGTCTCG-3 ' 

3 ' - CTCGGTCCTACC AGAGCAGCT- 5 ' 

3) PSA promoter oligonucleotide WT Ets site C (-5215): 
5 ' -TCGAGTGGCAGGATATTCCAG-3 ' 

3 ' -CACCGTCCTATAAGGTCAGCT-5 ' 

4) PSA promoter oligonucleotide WT Ets site D (-4039): 
5 ' - TCGAGTGCAAGGATGCCTGCG- 3 ' 

3 ' -CACGTTCCTACGGACGCAGCT- 5' 

5) PSA promoter oligonucleotide WT Ets site E (-3848): 
5 ' - TCGAGAAGC AGGATGTG AT AG - 3 ' 

3 ' - CTTCGTCCTAC ACTATCAGCT- 5 ' 

6) PSA promoter oligonucleotide WT Ets site F (-3536): 
5 ' -TCGAGCCTCAGGAAGAAGGTG- 3 ' 

3 ' -CGGAGTCCTTCTTCCACAGCT - 5 ' 

7) PSA promoter oligonucleotide WT Ets site G (-2174): 
5 ' -TCGAGACACCGGATCCATGAG- 3 ' 

3 ' -CTGTGGCCTAGGTACTCAGCT - 5 ' 

8) PSA promoter oligonucleotide WT Ets site H (-2129): 
5 ' -TCGAGTTCCAGGATGAATCCG- 3 ' 

3 ' -CAAGGTCCTACTTAGGCAGCT- 5 ' 

9) PSA promoter oligonucleotide WT Ets site I (-4156): 
5 ' - T CG AC AC TC TGG AGG AAC AT ATTGT ATCG AC - 3 ' 

3 ' -GTGAGACCTCCTTGTATAACATAGCTGAGCT - 5 ' 

10) PSA promoter oligonucleotide WT Ets site J (- 149): 
5 ' -TCGAGCAGAGCTGTGGAAGGGGAGGG - 3 ' 

3 ' -CGTCTCGACACCTTCCCCTCCCAGCT- 5 ' 

11) PSA promoter oligonucleotide WT Ets site K (-45): 
5 ' - TCGACGTCCTGGGGAATGAAGGTTTC - 3 ' 

3 ' -GC AGG ACCCCTT ACTTCC AAAG AGCT - 5 ' 

12) PSA promoter oligonucleotide mutant Ets site E (GGAA): 
5 ' -TCGAGAAGC AGGAAGTGAT AG- 3 ' 

3 ' -CTTCGTCCTTCACTATCAGCT - 5 ' 

DNA Trans fection Assays— Co-transfections of 3 X 10 6 CV-1 (green 
monkey kidney) cells were carried out with 3.5 pg of pGL3/PSA DNA, 
2.5 pg of pARO AR expression vector, and 1.5 pg of pCI/PDEF DNA 



using 12.5 p\ of LipofectAMINE (Life Technologies, Inc.) as described 
(15). Cells grown in medium containing charcoal -stripped serum for 
24 h were incubated in the absence or presence of 10" 8 m dihydrotes- 
tosterone (DHT) for an additional 16 h and harvested for luciferase 
activity as described (28), Co-transfections of 3 X 10 8 LNCaP cells were 
carried out with 1.75 pg of pGL3/PSA DNA and 0.75 pg of pCI/PDEF 
DNA using 4 ^1 LipofectAMINE Plus (Life Technologies, Inc.) as de- 
scribed (15). Cells were grown in medium containing charcoal-stripped 
serum and assayed 36 h later for luciferase activity as described (28). 
Transfections were performed independently in triplicate and repeated 
three times with two different plasmid preparations with similar re- 
sults. Cotransfection of a second plasmid for determination of transfec- 
tion efficiency was omitted because potential artifacts with this tech- 
nique have been reported (29). 

In Situ Hybridization — Tissues fixed in 4% paraformaldehyde in 
phosphate-buffered saline, pH 7.4, for 2-4 h at 4 °C were transferred to 
30% sucrose in phosphate -buffered saline overnight at 4 °C, frozen in 
OCT compound (Miles Diagnostics, Elkhart, IN), and stored at -70 °C. 
In situ hybridization was performed on 6-pm frozen sections with 
35 S-labeled riboprobes as described (15). 

GST Pull-down Assay — A series of GST-AR fusion proteins were 
generated by PCR with specific primers to contain in frame restriction 
enzyme sites (30) and sequenced to confirm that there were no muta- 
tions introduced by the PCR. GST fusion proteins were prepared as 
described before (31). 5 /xl of [ 38 S] methionine labeled in vitro translated 
full-length PDEF protein was incubated with equal amounts of GST-AR 
fusion proteins or GST on agarose beads in 200 p\ of NETN (0.5% 
Nonidet P-40, 1 mM EDTA, 20 mM Tris-HCl, pH 8.0, 100 mM NaCl) for 
3 h at 4 "C with gentle shaking. PDEF protein that bound to the 
GST-AR fusion proteins was eluted after three washings with NETN 
buffer and analyzed on a 12% SDS-polyacryl amide gel. 

RESULTS 

Isolation of PDEF and Sequence Comparison with Other 
Members of the Ets Family— We have isolated full-length cDNA 
clones from human prostate encoding a novel member of the 
Ets transcription factor/oncogene family, PDEF (Fig. LA). Se- 
quence analysis revealed an open reading frame encoding a 
335-amino acid protein with a predicted molecular mass of 37.5 
kDa. The deduced amino acid sequence of PDEF predicts a 
protein rich in glutamic acid (8%), alanine (8%), serine (11%), 
leucine (10%), and proline (8%). Two putative PEST domains, 
common to rapidly degraded proteins, are located between 
amino acids 19 and 53 and between 161 and 186. Potential 
phosphorylation sites present in PDEF include a protein kinase 
C site, two AKT phosphorylation sites, two tyrosine kinase 
phosphorylation sites, and eight c-Jun NH 2 -terminal kinase/ 
p38/extracellular signal-regulated kinase kinase phosphoryla- 
tion sites. Five of these MAP kinase phosphorylation sites are 
clustered at the amino terminus of PDEF, and one of these sites 
conforms to the optimal MAP kinase phosphorylation site 
PX(S/T)P (Fig. 1A). One of the tyrosine kinase phosphorylation 
sites contains the consensus sequence for interaction with 
phosphoinositol 3-kinase, YXXM (32). 

Ets transcription factors share a highly conserved DNA bind- 
ing domain, the ETS domain (10-12). Alignment of the carbox- 
yl-terminal ETS domain of PDEF with that of other Ets family 
members reveals highest homology to one particular subclass 
of Ets factors that includes Drosophila D-ets-4 (75%) and sea 
urchin SpETS4 (76%) (Fig. IB). SpEts4 plays a role in estab- 
lishing the animal- vegetal axis of the sea urchin embryo at late 
cleavage/early blastula stages (33). D-Ets-4 is expressed high- 
est in the pole cells, suggesting an involvement in germ line 
differentiation (34). Upstream of the Ets domain, PDEF con- 
tains a region with significant homology to the Pointed domain 
present in several other members of the Ets family including 
ESE-1, ESE-2, ESE-3, Tel, Tel-2, yan, pointed, Ets-1, Ets-2, 
fli-1, erg-2, Elg, and GABP-a and weakly homologous to the 
SAM protein-protein interaction domain of polycomb proteins 
and Eph receptors (35) (Fig. 1C). In contrast to all other Ets 
factors where the Pointed domain is directly at the amino 
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Fig. 1. Sequence of PDEF. A, nucleotide and amino acid sequence of PDEF. The deduced amino acid sequence of PDEF is indicated below the 
first nucleotide of each codon, and the termination codon is marked with three asterisks. The Pointed domain and the ETS domain are shaded, 
boxed, and marked on the right. Both upstream termination codons in frame with the reading frame are also indicated by asterisks. The 
polyadenylation signal is underlined. S, comparison of the Ets domain of PDEF with all known members of the Ets gene family. Percentage of 
identity of the ETS domain with PDEF is indicated on the right side. Shaded amino acids denote amino acid identity with PDEF. Gaps are 
introduced to optimize alignment. The proteins examined are indicated on the left side. Tentative a helices and /3 sheets as predicted by NMR and 
x-ray crystallography for some of the Ets domains are indicated above the sequence by boxes or arrows, respectively. C, comparison of the Pointed 
domain of PDEF with all known members of the ETS gene family. Shown are the homologies between the PDEF Pointed domain and the 
corresponding regions present in a subset of the ETS family. Only human and Drosophila ETS factors are included for simplicity. The consensus 
line indicates which residues are highly conserved. 



terminus and the Ets domain at the opposite carboxyl termi- 
nus, PDEF has the Pointed domain immediately upstream of 
the Ets domain, 

PDEF Expression Is Restricted to the Epithelial Layers of the 
Prostate and to a Lower Extent to Other Hormone-regulated 
Tissues — Expression of PDEF was analyzed by Northern blot 
hybridization of poly(A) + mRNAs derived from human adult 
and fetal tissues, indicating the presence of one predominant 
PDEF transcript of -2.0 kb (Fig. 2A). PDEF is almost exclu- 
sively expressed in the prostate gland. Low levels of PDEF 
transcripts were also found in ovary (Fig. 2A) and in mammary 



and salivary gland (data not shown), all tissues regulated by 
androgens or steroids. No PDEF transcripts were detected in 
brain, heart, gastrointestinal tract, liver, spleen, thymus, kid- 
ney, lung, and skeletal muscle or in fetal tissues. These results 
suggest that PDEF is expressed in a very restricted set of 
primarily hormone-regulated epithelial tissues with particu- 
larly high expression in prostate, an expression pattern strik- 
ingly different from other Ets factors such as ESE-1 (Fig. 2A). 

More detailed analysis of PDEF expression in different cell 
types by RT-PCR revealed that only the prostate epithelial 
cancer cell line, LNCaP, expressed PDEF mRNA, whereas 
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Fig. 1 — continued 



other epithelial cells and non-epithelial cells were completely 
devoid of PDEF mRNA (Fig. 25). To further test the hypothesis 
that PDEF expression is restricted to epithelial cells within the 
prostate gland, we performed in situ hybridization on frozen 
sections of human prostate. Diffuse strong expression was only 
noted in luminal epithelium of the prostate, but not in other 
cell types (Fig. 2C). These results most vividly demonstrate 
that PDEF is exclusively expressed in epithelial cells and par- 
ticularly strong in the prostate. 

PDEF Binds Specifically to Several Sequences in the PSA 
Promoter /Enhancer — In the prostate, PDEF expression is re- 
stricted to luminal epithelial cells, the exact cells that express 
PSA. The PSA gene is regulated by an androgen-responsive 
promoter and an androgen-responsive upstream enhancer (Fig. 
3A). At least eight high and low affinity androgen receptor 
binding sites have been identified in the promoter and en- 
hancer region and implicated in androgen-mediated regulation 
of the PSA gene. Inspection of the PSA promoter and enhancer 
sequence revealed the existence of at least 11 putative Ets 



binding sites. Some of these sites are in close proximity to 
androgen receptor binding sites (Fig. 3A). To determine 
whether the PSA promoter contains binding sites for PDEF, we 
tested the ability of in vitro translated PDEF to bind specifi- 
cally to oligonucleotides containing a variety of Ets related 
binding sites derived from the PSA promoter. EMSA analysis 
revealed that the PSA E site and G site oligonucleotides formed 
two major complexes with proteins present in the PDEF extract 
(Fig. 35), which were not formed by the control extract (Fig. 
3B). A third strong complex was nonspecific and was present in 
both PDEF and control reticulocyte lysates. Two additional 
PSA sites, site H and to a lesser extent site C (Fig. 3C), formed 
weak complexes with PDEF, whereas other potential Ets sites 
in the PSA promoter did not significantly interact with PDEF. 
Strikingly, the high affinity binding sites for PDEF diverge from 
the binding sites found for other Ets factors showing an apparent 
preference for GOAT versus GGAA in the core of the binding site 
(Fig. 3C). EMSA analysis of additional canonical Ets sites from 
other promoters did not reveal any significant PDEF binding, 
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Fig. 2. Expression of PDEF in different human fetal and adult tissues. A, Northern blot analysis of poly(A) + raRNA from human fetal and 
adult tissues. The blots were sequentially probed with a PDEF {upper panel), ESE-1 (middle panel), and a GAPDH cDNA probe (lower panel) under 
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Fig. 3. PDEF binds to sequences in 
the PSA promoter. A, schematic dia- 
gram of the human PSA promoter/en- 
hancer region. The locations of putative 
regulatory elements including the andro- 
gen receptor binding sites and the Ets 
binding sites are indicated. The letters 
within the symbols correspond to the Ets 
sites as described under "Material and 
Methods." S, several PSA promoter Ets 
sites are targets for PDEF. Panel shows 
DNA binding of PDEF to PSA promoter 
Ets sites (see "Material and Methods" and 
panel C), and DNA binding of full-length 
PDEF in an EMSA using synthetic oligo- 
nucleotides coding for the PSA promoter 
Ets sites using either reticulocyte lysate 
programmed with the empty pCI expres- 
sion vector (pCT) or reticulocyte lysate 
programmed with the PDEF pCI expres- 
sion vector (PDEF), C, relative DNA bind- 
ing affinity of PDEF toward a variety of 
putative Ets binding sites within the PSA 
promoter as measured by EMSA analysis. 
A putative high affinity consensus PDEF 
binding site is shown at the bottom. 




-4288 -4179 -4079 
-4225 -4143 -3955 



•385 




41 W 4846 -3538 
•4039 



-2174 
-2129 



•5824 

B 



Enhancer 



PROBE 

IN VITRO TRANSLATED 



•3738 



■268 -149 -43 



-400 Promoter 



PROTEIN 



PSA PSA PSA PSA PSA PSA 
A C P E Q H 

TL IHL fcL ML tell " &l 




PDEF 



PSA 


PROMOTER 


BINDING SITE 


PDEF 


PSA 


E 


AGCAGGATGTGA 


++*+ 


PSA 


6 


CACCGGATCCAT 


++++ 


PSA 


H 


TCCAGGATGAAT 


++ 


PSA 


C 


GGCAGGATATTC 


+ 



PSA A 
PSA D 
PSA B 
PSA F 
PSA I 
PSA iJ 

psi K 



CCCAGGATGAAA 
GC^GGATGCCT 
GCCAGGATGGTC 
CTCAGGAAQAAG 
TGQAGGAAGATA 
CTGTGGA&GGGG 
CTGGG&AATG&& 



[CONSENSUS 



NGCAGGATGTAT 
a c GCOA 

c jSairc 



suggesting strong DNA binding selectivity for PDEF. 2 

The DNA Binding Specificity of PDEF Is Uniquely Distinct 
from Other Members of the Ets Family — To directly assess the 
relative DNA binding specificity and affinity of PDEF and 



2 P. Oettgen, E. Finger, Z. Sun, Y. Akbarali, U. Thamrongsak, J. 
Boltax, F. Grail, A. Dube, A. Weiss, L. Brown, G. Quinn, K. Kas, G. 
Endress, C. Kunsch, and T. A. Libermann, manuscript in preparation. 



other members of the Ets family, we compared the ability of 
PDEF and several other Ets factors to bind to the GGAT 
containing PSA promoter E site and to the same site containing 
a single nucleotide change to GGAA in the core of the binding 
site. PDEF bound with high affinity only to the GGAT-contain- 
ing oligonucleotide, but not to the GGAA-containing oligonu- 
cleotide (Fig. 4). Some low affinity binding of ESE-3 to the 
GGAT oligonucleotide was also observed. In striking contrast 



stringent conditions. B, expression of PDEF in various cell types (see "Materials and Methods") by RT-PCR analysis of poly(A) + mRNA from 
indicated cells using primers specific for PDEF (upper panel) or GAPDH (lower panel). C, in situ hybridization studies. Panel shows paired bright 
field (a and c) and corresponding polarized fluorescence (6 and d) photomicrographs. Intense labeling of prostate epithelium in normal prostate is 
seen with antisense probe to PDEF mRNA (a and 6). No labeling is seen with control sense probe (c and d). 
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Fig. 4. PDEF, in contrast to other Ets factors, preferentially 
binds to GGAT containing DNA sequences. Figure shows binding 
of full-length in vitro translated ETS factors as indicated above the 
figure in an EMSA to synthetic oligonucleotides coding for either the 
wild type PSA promoter E Ets site (GGAT) containing GGAT in the core 
of the binding site or to a mutant PSA promoter E Ets site (GGAA) 
containing GGAA in the core of the binding site, 

to PDEF ESE-1, ESE-2, ESE-3, NERF-2, ELF-1, and PU.l 
bound with high affinity exclusively to the GGAA-containing 
oligonucleotide, whereas Tel was unable to interact with either 
of the oligonucleotides (Fig. 4). These results provide strong 
evidence that the DNA binding specificity of PDEF is distinct 
from other members of the Ets family and uniquely shifted 
toward a GGAT recognition sequence. 

PDEF Enhances Transcription of the PSA Promoter— To as- 
sess whether the PSA gene is indeed a target for PDEF and to 
determine whether PDEF acts as a repressor or enhancer of 
transcription, full-length PDEF inserted into the eukaryotic 
expression vector pCI was co-transfected into PDEF- and AR- 
negative CV-1 cells together with a reporter gene construct 
containing the luciferase -gene under the control of the 7-kb 
PSA promoter. Co-transfection with pCI/PDEF resulted in a 
—4-fold transcriptional stimulation of the PSA promoter con- 
struct compared with the parental pCI vector (Fig. 5). The 
specificity of this effect was evaluated in co-transfections with 
other epithelial-restricted members of the Ets family that are 
expressed in the prostate. Neither ESE-1 nor ESE-2 enhanced 
PSA promoter activity. On the contrary, ESE-1, and to a lesser 
extent ESE-2, repressed basal PSA promoter activity (Fig. 5). 

To confirm that the PSA promoter is a target for PDEF in 
prostate epithelium, the same transfection experiment was 
repeated in LNCaP cells, which are widely used as a model for 
prostate cancer, since these cells are androgen-sensitive, se- 
crete PSA, and form androgen-sensitive tumors in nude mice 
(36-41). PDEF enhanced PSA promoter activity 11-fold in 
LNCaP cells grown with charcoal-stripped serum in the ab- 
sence of androgen, whereas ESE-1 and ESE-2 repressed the 
PSA promoter (Fig. 5). The specificity of this transactivation 
was confirmed in co-transfection experiments with either the 
empty pGL3 luciferase vector or with the luciferase gene under 
the control of other promoters (CRISP-3, PSP94) expressed in 
the prostate. In contrast to the PSA promoter, PDEF was 
unable to transactivate the CRISP-3 or PSP94 promoter in 
LNCaP cells (Fig. 5). These results demonstrate that PDEF is 
a positive regulator of transcription and that the PSA gene is a 
prostate-specific target for PDEF. Interestingly, PDEF was 
able to enhance PSA promoter activity independent from an- 
drogen, suggesting that PDEF might play a role in androgen- 
independent PSA gene expression in advanced prostate cancer. 

PDEF Interacts with the AR DNA Binding Domain and 
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Fig. 5. Transcriptional activation of the PSA promoter by 
PDEF. LNCaP and CV-1 cells were co-transfected with the indicated 
PDEF, ESE-1, and ESE-2 pCI expression vector constructs or the pa- 
rental pCI expression vector and luciferase constructs containing the 
7-kb PSA promoter, the PSP94 promoter, the CRISP-3 promoter, or the 
empty pGL3 luciferase vector. Luciferase activity in the lysates was 
determined 16 h later as described. Data shown are means of triplicate 
measurements from one representative transfection. 

Enhances Androgen- mediated Transactivation of the PSA Pro- 
moter — The AR binding sites in the PSA gene have been shown 
to be critical for androgen inducibility, and both PDEF and AR 
are co-expressed in the same cells. A characteristic feature of 
all Ets factors is their ability to interact with transcription 
factors of other gene families, suggesting that interaction of 
PDEF with factors binding to other regulatory elements within 
the PSA promoter may be an important mechanism of tran- 
scriptional control. 

To evaluate whether PDEF cooperates with AR, PDEF and 
AR expression vectors were co-transfected together with pGL3/ 
PSA into AR-negative CV-1 cells and incubated either in the 
absence or presence of androgen DHT. PDEF in the absence of 
androgen enhanced PSA promoter activity —4-fold. Androgen 
in the absence of PDEF enhanced PSA promoter transcription 
-27-fold (Fig. 6). In the presence of both PDEF and androgen, 
a significant synergistic effect of PSA promoter transactivation 
was observed leading to a —57-fold activation, indicating that 
PDEF and AR cooperate in the regulation of the PSA promoter 
and that PDEF-mediated PSA promoter transcription contains 
both an androgen-independent and androgen-dependent 
component. 

To evaluate whether functional interaction between PDEF 
and AR correlates with physical interaction, GST pull-down 
experiments were performed with GST fusion proteins contain- 
ing different domains of AR and in vitro translated [ 35 S]methi- 
onine-labeled full-length PDEF. Specific retention of PDEF 
was only observed, when GST/AR fusion proteins containing 
the DNA binding domain (amino acids 559-624) were used, 
but not with GST alone or with other domains of AR (Fig. 7, A 
and B). These results strongly suggest that PDEF interacts 
with the DNA binding domain of AR and that cooperativity 
between PDEF and AR may be due to direct interaction be- 
tween these two factors. 
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Fig. 6. PDEF cooperates with AR in transact! vat ion of the PSA 
promoter. Figure shows transcriptional activation of the PSA pro- 
moter by PDEF in the absence or presence of androgen. CV-1 cells were 
co-transfected with the indicated PDEF pCI expression vector construct 
or the parental pCI expression vector together with an AR expression 
vector and luciferase constructs containing the PSA promoter. Cells 
were incubated in the absence or presence of DHT. 
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Fig. 7. PDEF interacts with AR. A, PDEF binds to the AR DNA 
binding domain in GST pull-down assays, GST fusion proteins with 
different domains of AR are indicated above Fig. 4A and schematically 
in Fig. 45. B, schematic representation of the AR fragments used as 
GST fusion proteins and of the GST pull-down results with PDEF. 
Functional domains of the AR are denoted above the diagram of full- 
length AR. 

DISCUSSION 

Normal function of the prostate gland requires proper differ- 
entiation of epithelial cells along a tightly controlled develop- 
mental pathway. This process is regulated by distinct sets of 
transcription factors, leading to a strategically timed switch on 
or off of specific sets of genes. Deregulation of this pathway 
leads to aberrant differentiation, immortalization, uncon- 
trolled proliferation, and eventually prostate cancer formation. 
While some aspects of prostate epithelium-specific gene expres- 
sion have been elucidated, only a limited number of prostate 
epithelial cell-restricted transcriptional regulators have been 
characterized. The Ets transcription factor family plays a par- 
ticularly important role in epithelial cells, as demonstrated by 
the isolation of three highly related epithelial-specific Ets fac- 
tors, ESE-1, ESE-2, and ESE-3 (13-21). Each of these Ets 
factors, nevertheless, expresses unique expression patterns as 



well as distinct functions. PDEF is the factor with the most 
restricted expression pattern, and, whereas ESE-1, ESE-2, and 
ESE-3 are all members of the same subclass of Ets factors, 
PDEF is the sole mammalian member of its subclass. The 
sequence of the PDEF Ets DNA binding domain is significantly 
different from all other members of the Ets family, which is 
also reflected in its distinct DNA binding specificity. EMSA 
analysis of potential Ets binding sites within the PSA promoter 
demonstrated a significant preference for binding to sites con- 
taining a GGAT core rather than the preferred GGAA core 
typical for other members of the Ets family (12). Direct com- 
parison of the relative DNA binding affinity of PDEF to other 
members of the Ets family using two oligonucleotides differing 
only in a single nucleotide change (GGAT versus GGAA) con- 
firmed that PDEF strongly prefers interaction with GGAT 
containing binding sites, whereas other Ets factors such as 
ESE-1, ESE-2, ESE-3, NERF-2, ELF-1, and PU.l have a strik- 
ing preference for GGAA. This DNA binding specificity of 
PDEF is unique among the Ets family, although some Ets 
factors have been shown to interact with lower affinity with 
GGAT binding sites (19, 42). The distinct DNA binding speci- 
ficity of PDEF also predicts that PDEF recognizes regulatory 
elements that are distinct from binding sites for other Ets 
factors, which is in contrast to the majority of Ets factors which 
all recognize very similar DNA sequences. The distinct DNA 
binding specificity of PDEF might be due to amino acid differ- 
ences within helix 3 of the Ets DNA binding domain (Fig. IB) 
(12). Helix 3 in PU.l, SAP-1, and Ets-1 has previously been 
shown to directly interact with DNA, and PDEF contains sev- 
eral unique amino acid substitutions that may influence DNA 
binding specificity (12). Further support for the difference be- 
tween PDEF activity and other Ets factors is provided by the 
transactivation experiments demonstrating that PDEF, but 
not other Ets factors can transactivate the PSA promoter. 
ESE-1 and to lesser extent ESE-2 actually repress the PSA 
promoter. Since both PDEF and ESE-1 are expressed in pros- 
tate epithelium, PDEF and ESE-1 may play opposing roles in 
the regulation of prostate epithelium-specific gene expression. 
Distinct protein-protein interactions, subcellular location, and 
phosphorylation may modulate the activity of PDEF and ESE-1 
and ultimately determine whether a gene is positively or neg- 
atively regulated by PDEF and ESE-1. Indeed, both PDEF and 
ESE-1 contain putative MAP kinase phosphorylation sites as 
well as sites for other types of kinases. In PDEF, the majority 
of MAP kinase phosphorylation sites are clustered at the amino 
terminus. Similar clusters of MAP kinase phosphorylation 
sites have been observed in the transactivation domains of 
other Ets factors such as ELK-1 and SAP-1, where they play a 
critical role in the regulation of transactivation capacity of 
ELK-1 and SAP-1 (10). 

Northern blot analysis indicates the presence of high levels 
of PDEF transcripts almost exclusively in the prostate and 
significantly lower amounts in other hormone regulated tissues 
such as mammary gland, salivary gland, and ovary. Analysis of 
the public Est data base revealed in addition to prostate mul- 
tiple entries for PDEF in libraries derived from breast, ovarian, 
lung, colon, and uterine cancer as well as oligodendroglioma, 
indicating that PDEF might be overexpressed in several types 
of cancer including from tissues whose normal counterparts do 
not express PDEF. 

Our in situ hybridization and PCR experiments demonstrate 
that PDEF expression is restricted to the luminal epithelial 
cells within the prostate as well as LNCaP prostate cancer 
cells, the same cells that express PSA and AR. This unique 
expression pattern of PDEF indicates a function for PDEF in 
prostate gland development and possibly prostate cancer, and, 



1224 



PDEF, a Prostate-specific Ets Transcription Factor 



furthermore, suggests a connection between PDEF and andro- 
gen. The level of PSA expression is being widely used as a 
marker for prostate cancer, and its expression is restricted to 
epithelial cells of the prostate. The PSA gene is activated in the 
presence of androgen in normal prostate epithelium as well as 
in early stages of prostate cancer, and androgen ablation ther- 
apy is used at these stages to control prostate cancer growth. 
Therapeutic efficacy of androgen ablation-mediated prostate 
cancer regression is being monitored by the decrease in PSA 
expression, and it is the eventual rise of PSA gene expression 
that indicates the conversion of a previously androgen-sensi- 
tive prostate cancer to an androgen-resistant prostate cancer. 
Regulation of PSA gene expression in the androgen-sensitive 
phase of prostate cancer is at least partially regulated by an- 
drogen via several AR binding sites and androgen-responsive 
regions in both the proximal promoter and an upstream en- 
hancer between -3738 and -5824 (7-9, 43). Several putative 
Ets sites are located in proximity to AR binding sites in both 
the promoter and enhancer region. At least two of the PDEF 
binding sites (sites C and E) are within the enhancer region, 
whereas two other PDEF binding sites (sites G and H) are 
between the promoter and enhancer region within a poorly 
defined region of the PSA gene. 

Activation of PSA gene expression in advanced prostate can- 
cer upon conversion to androgen resistance suggests an andro- 
gen-independent regulatory mechanism. The mechanisms and 
the transcription factors involved in androgen-independent 
PSA gene expression have not been characterized in detail, 
although several possible mechanisms such as AR amplifica- 
tions, AR mutations, androgen-independent AR activation due 
to interaction with co-activators or phosphorylation have been 
proposed (44-46). The location of PDEF specifically in prostate 
epithelium and the ability of PDEF to bind to and transactivate 
the PSA promoter in the absence of androgen as well as to 
enhance androgen mediated PSA gene expression suggest that 
deregulation of PDEF activity may be one mechanism in pros- 
tate cancer to induce androgen-independent PSA gene 
expression. 

The interaction of AR with various co-activators has been 
demonstrated to be a critical step in its transcriptional activity 
and many times involves the interaction of the sequence 
LXXLL with the carboxyl-terminal AF-2 domain of AR (47). 
PDEF indeed contains this sequence within the Ets DNA bind- 
ing domain. Nevertheless, we do not detect any direct interac- 
tion between PDEF and the AF-2 domain, but instead with the 
DNA binding domain of the AR. Although most co-regulators 
interact with either the amino-terminal transactivation do- 
main or the carboxyl-terminal ligand binding domain and AF-2 
domain, a few factors such as SNURF and c-Jun have been 
shown to interact with the DNA binding domain of AR (48-50). 
Nevertheless, whereas the AR DNA binding domain is neces- 
sary but not sufficient for interaction with SNURF, PDEF 
interacts with the DNA binding domain alone. Like PDEF, 
SNURF or c-Jun enhance androgen-induced transactivation, 
but also act as AR-independent transactivators. However, in 
contrast to most other co-regulators, which are ubiquitously 
expressed and, thus, presumably act as co-regulators for a 
number of other transcription factors as well, PDEF is in a 
unique position being primarily expressed in the same cells 
that express the AR. 

Although some of the high affinity binding sites for PDEF 
are in proximity to AR binding sites, the distances between 
these sites except for sites I and J appear to be too big to allow 
protein-protein interactions without some form of looping. 
However, as has been shown for a variety of genes, transcrip- 
tional activation of genes requires the assembly of an enhan- 



ceosome, consisting of various transcriptional activators and 
repressors as well as architectural proteins that form a multi- 
protein complex via long distances (51). Enhanceosom'e assem- 
bly involves both allosteric changes of DNA leading to looping 
as well as protein-protein interactions (51), In addition, some 
transcription factors can form protein-protein interactions with 
other transcription factors in the absence of DNA binding. It is 
thus conceivable that PDEF interacts with AR without binding 
to DNA itself. Ultimate transcriptional activation apparently 
involves the interaction of various co-activators and/or co-re- 
pressors with a whole set of transcription factors on one hand 
and with the basal transcription complex on the other hand. 
These co-activators act like a scaffold protein with a whole set 
of different surfaces interacting at different sites with a large 
number of transcription factors. PDEF might be one additional 
transcription factor that recruits co- activators and by interac- 
tion with AR in a combinatorial manner enhances the activity 
of the co-activator, leading to enhanced transcription. 

In conclusion, our results provide evidence that PDEF is a 
novel prostate epithelium-specific transcription factor and co- 
regulator of the AR that can act both synergistically with the 
AR as well as androgen-independent in enhancing PSA gene 
expression. Our data support the notion that PDEF function 
may exemplify one mechanism of androgen-independence upon 
prostate cancer progression and the concomitant reactivation 
of PSA gene expression. 
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Ouaryi 241 DSSCSGQPIHLWQFUaLLLKPHSYGRFIRWIJJKEXGIFKIBT^^ 300 

DSSCSGQPIHLWQFLKELLLK PHSYGRFI RWLNKEKOI FKIBDSAQVARLWGI RKNRPAM 
Sbjct: 2*1 DSSCSGQPIHLViOFUCBLLLKFHSYGRFIRWUnCEKaiFKIBr^Q^ 300 

Quary t 301 NYDKLSRS I RQYYKKOI I RKP DI SQRLVYQFVH P I 335 

NYDKLSRSI RQYYKKG 1 1 RKP DI SQRLVYQFVH P I 
Sbjct: 301 NYDKLSRSI RQYYKKQI I RKPDI SQRLVYQFVHPI 335 



> a400741S Et« tranacription factor PDSF [Homo aapiana) 
Langth - 335 

Scora - 699 bita (1785), Expact - 0.0 

Idantitiaa ■ 335/335 (100%), Poaitivaa.. 335/335 (100%) 

Quary t 1 KaSASPGLSSVS PS H LLLP PTJTVSRTQLEXAAAGAVGLERKDWS PSP PAT PEQGLSAFY L 60 

M^A5POL^SVSPSHLLU>PI7r/SRTaLEKA>AC»VaLERRDWSPSPPATPEQaLSAFYL 
Sbjct: 1 MGSASPGLSSVSPS H LLLP PDTV5RTGLEKAAAGAVGLERRDWS PSP PAT PEQGLSAFYL 60 

Quary i 61 SYP LMLY P EDS SWAAKA PGASS REEPPEEPEQC PVI DSQA PAGS LDLVPGGLT LEEHS LE 120 

SYF DKLY PEDSSWAAKA PGASS REEPPEEPEQC PVI DSQA PAGS LDLVPOG LT LKEHS LE 
Sbjct: 61 SYF DMLY PEDS SWAAKA PGASS REEPPEEPEQC PVI DSQA PAGS LDLVPOGLT LEEHS LB 120 

Quary i 121 QVQSJf/VOEVUCDI ETACK LLNITA DPMDWS PSNVQKWLLWTEHQYR LP PMGKAFQELAQ 180 

CVOSHWGEVLKDI STACK LLNITADPMDWS PSNVQKWLLWTEHQYR LPPM3KAPQELAG 
Sbjct j 121 QVQSMVVnEVLKDIETACKLLNITADPMDWSPSNVQKWLLWT^QYR^ 180 

Quary i 181 KELCAMSEEQF RQRS PLQG DVLHAH LDI WKS AA WMKERTS PGA I HYCASTSEESWT DS EV 240 

l^LCAMSEEQFRORSPLOGrn/LHAHLDIWKSAAWMKERTSPGAIHYCASTSEESVfrDS^ 
Sbjct: 181 KELCAMSEEQF RQR S PLQG DVLHAH LDI WK S AAWMK ERTS PGA I HYCAST SEBSWTDSEV 240 

Quary: 241 DS SCSGQP IH LWQF LKE LL LKPHSYGRF I RWLNKEKGI F K I EDS AQVAR LWGI RKNR PAM 300 

DSSCSGQP IH LWQF LKELL LKPHSYGRF I RWLtJKEKG I FKI EDSAQVARLWGI RKNRPAM 
Sbjct: 241 DSSCSGQP IH LWQF LKE LL LKPHSYGRPT RW LNKEXG I P KI EDSAQVARLWGI RKNRPAM 300 

Quary: 301 NYDKLSRSI RQYYKKQI I RKP DISQRLVYQFVH PI 33 5 

NYDKLSRSI RQYYKKGI I RKFDISQRL.VYQFVHPI 
Sbjct: 301 NYDKL5RS I RQYYKKGI I RKP DI SQRLVYQFVH P I 335 
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> SiSi2Aili proatata apithalium-apacific Eta tranacription factor 
[Homo aapiana) 
Langth - 335 

Scora « 699 bita (17B5), Expact « 0.0 

Idantitiaa - 335/335 (100%), Poaitivaa • 335/335 (100%) 

Quary i 1 MOSA5PGLSSVS PSHLL LP PDTV5RTGLEKAAAQAVQLERRDWS PS P PATPEQQLSAFY L 60 

MBSA5PGLSSVS PSHLLLPPDTVSRTGLEXAAAGAVGLERRDWS PSP PATPEQGLSAFYL 
Sbjct: 1 M3SASPQ LS5VSPSHLLLPPDTVSRTGLEXAAAGAVGLERRDWS PSP PATPEQGLSAFY L 60 

Quary i 61 SYFCKLYP EDS SWAAKA POASS REEPPEEPEQC PVI DSQA PAGS LDLVPOGLT LEEHSLE 120 

SYF DMLYPEDSSWAAKA PGASS REEPPEEPEQC PVI DSQAPAGSUJLVPOGLT LKEHS LB 
Sbjct i 61 SYFDMLY P EDS SWAAKA PGASS REE PPEEPEQC PVI DSQAPAGS LDLVPOGLT LEEHS LE 120' 

Quary i 121 QVQSMW3EVLKD1 ETACK LLNITA DPKDWS PSNVQKWL LWrEHQYRLPPVDKAFQELAO 180 

QVQSMW43EVLKDI ETA CK LLNITADPMDWS PSNVQKWLLWTEH QYRLPPM0KAFQELAG 
Sbjct: 121 QVQSHWSEVLKDI ETACKLLHITADPMDWS PSNVQKWLLWTEHQY RLP PM3KAFQELAG 180 

Quary: 181 KBLCAMSEEQPRQRS P LOG DVLHAH LDI WKSAAWMKERTSPOAI HYCAST SEESWDSEV 240 

KELCAMSEEQPRQR5 P LOG DVLHAH LOIWKSAAVMKEKTSPGAI HYCAST SEESWTDSEV 
Sbjcti 181 KELCAKSBEQPRQRSPLOGDVU1AH LDIVTKSAA WMKERTSPOAI HYCAST SEBSWTDSEV 240 

Quary f 241 DSS C05QP IH LWQF LKSLL LK PH SYQRF I RWLNKKKG I F Kl EDSAI7/ARLW3 1 RKNRPAM 300 

DSSCSOQFIHLWCyLKEXI.LKPHSYORFIRmja^^ 
Sbjct: 241 DSSCSGQPlHLTOFLKELLLKPHSYaRF I RWLNKEKQI FKI BDSAQVARLWGI RKNRPAM 300 

Quary: 301 NYDKLSRSIRQYYKKGI I RKPDI SQRLVYQFVH PI 335 

NYDKLSRS IRQYYKKGI I RKP DI SQRLVYQFVHPI 
Sbjct: 301 NYDKLS RSI RQYYKKOI I RKPDI SQRLVY QFVHPI 335 



>ol4598B56 unnamad protain product (Homo aapiana) 
Langth - 335 

Scora - 699 bita (1785), Expact - 0.0 

Idantitiaa » 335/335 (100%), Poaitivaa » 335/335 (100%) 

Quary i 1 MQSASPQLSSVSPSHl^LPPDTVSRTQL^WkAAQAVOLEWu^ 60 

MQSAS PGLSSVS PSHLL LP PDTV8RTGLEKAAAGA VGLBRRDWS PSP PATPEQGLSAFY L 
Sbjct: 1 MGSAS PGLSSVSPSHLLLP PDTVSRTQLEXAAAGA VGLBRRDW5 PSP PAT PEQGLSAFY L 60 

Quary: 61 SYF DMLY PEDSSWAA KA PQASS REE PPEEPEQC PVI DSQA PAQS LDLVPOGLT LEEHS LE 120 

SYF DMLYPEDSSWAAKA PGASSREBPPEEPBQC PVI DSQAPA GS LDLVPOGLT LEEHS LS 
Sbjct: 61 SYF DMLYPEDSSWAAKA PGASS REEPPEEPEQC PVI DSQAPAGS LDLVPOGLT LEEKS LE 120 

Quary: 121 QVQSMWOEVLKDI ETACK LLNITA DPMDWS PSNTOKWLLWTEHQYR LP PMOKAFQELAG 180 

QVQSMWQ EVLKDT ETACK LLNTTADPMDWS PSNVQKWLU"rrEHQYRLPPM3KAFQELAO 
Sbjct t 121 QYQSKWBEVLKDI STACK LLNXTADFMDHSPSNVQIWLU"TEHQYR LPFMOKAFQSLAG 1B0 

Quary: 181 KBLCAMSEEQPRQRS PLOO DVLHAH LDI WKSAAWMKERTSPOAI HYCASTSEESWTDSEV 240 

KELCAMSBBQ^RQRSPLOQDVUtAHliDI WK5AANKKERTSPOAI HYCASTSEESWTDSEV 
Sbjct: 1B1 Km^AMSSEQFRQRSPLOO DVLHAH LOJWKSAA WMKERTSPOAI HYCAST SEBSWTDSEV 240 

Quary i 241 DSSC93QPIHLWQP LKELLLKPHSYGRF 1 KWLNKSKQI FKI EDSAQWARLWO I RKNRPAM 300 

DSSCSC^PIHU^LJCELLL^HSYORFIRWLNTKraiFW 
Sbjct. 241 DSSCSOQP IHI>»3F LKBLL LKPHSYGRF I RJfLNKHKGI P7U EDSAQVARLHOI RKNRPAM 300 



Quary: 301 NYDKLSRSI RQYYKKOI I RKPDI SQRLVYQFVHPI 335 

NYDKLSRSI RQYYKKGI I RKPDI SQRLVYQFVH PI 
Sbjcti 301 NYDKLS RS I RQYYKKGI I RKPDI SQRLVYQFVHPI 335 



> gll976976 unnamad protain product [Hot 
Langth * 335 



Scora » 699 bita (1785), Expact * 0.0 
Idantitiaa » 335/335 (100%), Poaitivaa • 



335/335 (100%) 



Quary i 1 MSSAS PGLSSVS PSHLLLP PDTVSI^GLQCAAAGA VGLEKRDWS PSP PAT PEQGLSAFYL 60 

H3S A5PGL5SVS PSH LL LP PDTV5RTGLEKAAAGAVGLERRXMS PSP PAT PEQGLSAFY L 
Sbjct; 1 KJS AS PGLSSVSPSHLLLP PDTVSRTGLEKAAAGAVGLERRDWS PSPPAT PEQGLSAFY L 60 

Quary: 61 SYFDMLYP EDS SWAAKA POASSREEPPEEPEQCPVI DSQA PAGS LDLVPOG LT LEEHS LE 120 

SYFDMLYP EDS SWAAKA POASSREE PP EEPEQC PVI DSQA PAQS LDLVPOGLT LEEHS LE 
Sbjct: 61 SYFDMLY P EDS SWAAKA PGASSREEPPEEPEQCPVT DSQAPAGS LDLVPOGLT LEEHS LE 120 

Quary: 121 QVQSMWQBVLKDI ETACK LLNITADPMDWS PSNVQKWLLWEHQYRLPPM5KAFQELAG 180 

CMJSMVVaBMJu^IETACXUiraTADPMDWSPSTMJl^L^ 
Sbjct: 121 7^SWvn^E\AJCDI ETACK L^ITADPMDWSPSNVQR^ 180 

Qu«ry: 181 KELCAMSEEQP RQRS p LOG DVLHAH LDI WKSAAWMKERTSPOAI HYCAST SEESWTDS SV 240 

KELCAMSEEOFRQRS PLGG DVLHAH LDIWKSAAWKKERTSPOAI HYCASTSEESWTDSEV 
Sbjcti 1B1 KELCAMSEEQF RQRS PLGG DVLHAH LDIWKSAA WMKERTSPOAI HYCASTSEESWTDSEV 240 

Quary i 241 DSSCSGQP IH LWQF LKE LL LKPHSYGRF I RWLNKEKQ I F KI EDSAQVARLWGI RKNRPAM 300 

DSSCSGQPIH LWQF LKELL LKPHSYGRF I RWLNKEKOI F KI EDSAQVARLHOI RKNRPAM 
Sbjct: 241 DSSC^PIHU#QFl^lXLKPHSYORFIRWIiJKEKOIFKIEDSAC^ 300 

Quary: 301 NYDKLS RS I RQYYKKOI I RKP DI SQRLVYQFVH P I 33 5 

NYDKLS RS I RQYYKKOI I RKP DI SQRLVYQFVH PI 
Sbjct: 301 NYDKLSRSI RQYYKKOI I RKPDI SQRLVYQFVHPI 335 



> Qll876968 unnamad protain product [Homo aapiana) 
Langth - 335 

Scora - 699 bita (1785), Expact « 0.0 

Idantitiaa - 335/335 (100%), Poaitivaa - 335/335 (100%) 

Quary: 1 M3SASPQLSSVS PSHLL LP PtriVSRTaLEKAAAGAvOt^RRDWSPSPPATPEQaLSAFYL 60 

MSSAS PGLSSVSPSHLLLP PDTVSRTGLEKAAAOA VGLBRRDWS PSP PAT P EQOLSAFYL 
Sbjct: 1 WIS AS PGLSSVS PSHLLLPPDTVSRTGLEXAAAGA VGLERRDWS PSP PAT PEQGLSAFYL 60 

Quary: 61 SYFDMLYP EDS SWAAKA POASSRB B P PEEP EQC PVT DSQA PAQS LDLVPOGLT LEEHS LS 120 

SYFDMLYP EDS SWAAKA POASSREEPPEEPEQCPVI DSQAPAGS LDLVPOG LT LEEHS LE 
Sbjct: 61 SYF DMLY P EDS SWAAKA POASSREBPPBEPEQCFVI DSQA PAGS LDLVPOGLT LEEHS LE 120 

Quary: 131 QVQSMWQEVLKDI ETACK LLNTTADPMDWS PSNVQKWLLWrEKQYRLPPMGKAFQELAO 180 

QVQSMWOEVLKDI ETACK LLNITADPMDWS PSNVQ)0^LWTEHQYRLPPMGKAFQELAO 
Sbjcti 121 QYQSMVrVGSVLKDI ETACK LLNITADPMDWS PSNVQKWL LWTEH QYR LPPM3KA7QELAG 180 

Quary: 181 KELCAMSHEQFRQR SPLOG DVLHAH LDXWKSAA WMKERTSPOAI HYCASTSEESWTDSEV 240 

KEIXAMSESGfPRQRSPLQODVLHAH LDIWKSAA WMKERTSPOAI HYCASTSEESWTDSEV 
Sbjct: 181 KElXSMSSEQFRO^SPIXSGDVUiAH LDIWKSAA WKX ERTS PGAI HYCAST SEBSWTDSEV 240 

Quary: 241 DS5t3GOPIHLWQ?UU?LLU(PHSYGRFIRWLMO^^ 300 
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DSSCSGQPIHLWQF UCELLLKPHSYGRFIRWLNKEKGI FKI EDS AQVARU*JI RKNRPAM 
Sbjct: 241 DSfiCSQQPIHLWQFLICBLLLKPHSYCnunRWU^ 300 

Query: 301 NYDKLSRS I RQYYKKGI I RKP DI SQRLVYQFVH P I 335 

wdklsrsi ROVYKKai irkpdisqrlvyqfvhp: 

Sbjct: 301 NYDKL5RS I RQYYKKGI I RKPDI SQR LVYQFVHPI 335 



> a4760537 Prostate specific transcription factor eta {Mu* wusculuaj 
Length • 325 



Score - 598 bit* (1524). Expect - e-169 

Identities - 287/335 (85%), Positive* - 302/335 (B9%), Gap* - 10/335 (2%) 



Sbjct: 171 KELCAMS EBQF RQRA PLGGDVLHAH LDI WK5AAWMKEKTS PCTUTYCASTSiaSaWTDGEV 230 

Query: 241 DSSCSGQPljp^PLKBLLLKPHSYC^IRWUJKEKG^ 300 

DSSCSOQPIHL*^l.raLLLKPHSYaRFI WUWEKGIFK2 EJDSAQVARLWG+ RKNRPAM 
Sbjct: 231 DSSCSGQPIHUWLK£LLLKPHSYGWIRWUWEXGIFOBDS*CV^^ 290 

Query: 301 NYDKLS RS I RQYYKKGI I RKP DI SQRLVYQFVH PI 335 

NYDKLSRS I RQYYKKGI I RKPDI SQRLVYQFVH P+ 
Sbjct i 291 NYDKLSRS I RQYYKXGI I RKP DI SQRLVYQFVHPV 325 



>ql 52 15055 Pse-pending protein [Mu* musculu*] 
Length - 325 



Query i 


1 


M3SASPGLSSVSPSHIXLPPDT\reRTGLEKAAAGA\A3LBRJu>fSPSPP 


60 






59B bit* (1524). Expect - e-169 








MOSASPGLS+VSP LLL PD RTO EKAA-GA*G E+ + -WSPSPPATPEQGLSAPYL 




Identitie 


* » 287/335 (85%), Positive* ■ 302/335 (89%), Gap* - 10/335 (2%) 


Sbjct : 


1 


MGSASPGLSNvSFOCLLU'PrAWPRTGTBKAASGAMGPEeaEmPSPFA^ 


60 


Query: 


1 


HQS AS PGLSSVS P5K LL LP PDTVSRTGLEKAAAGA'VG LERRDWS PS P PAT PEQG LS A FYL 


60 


Query : 


61 


SYFDMLYPEDS SWAAXA PGASS REBPPBEPEQC PVI DSQAPAGSIIJLvT^ 

SYF+M YF+DSSW UK P A ♦ E» PEEPEQCPVIDSQA 0 TL+EHSLH 


120 


Sbjct: 


1 


MiS AS POLS ♦ VSP LLL PD RTO BKAA+GA+G E+ ♦ +WSPSPPATPEQGLSAFYL 
MGS AS PGLSNVS PGCLL LF PDVA PRTGT EKAASOAMG PEKQEWS PS P PAT PBQGLS AFY L 


60 


Sbjct. 


61 


SYFNM - Y PDDS SWVAKVPEARAGEDHFEEPECC PVI DSQA - SGSTLOEHSLE 


110 


Query t 


61 


SYF DHLY PEDS 5WAAKA PGASS RHI PPEEPEQCPVT DSQA P AGSLDL VPGGLT LEEHS LE 


120 


Query: 


121 


QVQSKWGBVLKD1 ETTA CK LLNITA DPKDWS PSNVQKWLLWT EHQYR LP PMOKAFQELAQ 


iao 






SYF+M YP+DSSW AK P A ♦ E+ PEEPEQCPVIDSQA O TL+EHSLB 








QVQSMVVGEVLKDI ETA CK LLNI TA DP DWSP NVQKWLLWTEHQYRLPP GKAFQEL 0 




Sbjct: 


61 


SYFNM- Y P DOS SWVAKVPEAKAGEDHPBBPEQC PVI DSQA SOSTLDEHS LE 


110 


Sbjct t 


111 


QVQSMWGEVLKDI ETA CK LLNITA DPQDWS FGNVQKWLLWTEHQY RLPP AGKA FQELOG 


170 


Query: 


121 


QVQSMWG EVLKDI ETA CK LLNITA DPKDWS PSNVQKWL LWTEHQYR LPPM3KAFQE LAG 


180 


Query : 


iei 


KELCAKSEEQF ROH S PLGGDVLHAH LDI WKS AAWMK ERTSPGAI HYCASTSEESWTDS EV 


240 






CVQSMWGEVLKDI ETA CK LLNITA DP DWSP NVQKWLLWTEHQYRLPP OKAFQEL O 








KELCAKSEEQFRQR ♦ P LGGDVLHAH LDIWKSAAWMK ERTSPG + HYCASTSEE WTD EV 




Sbjct: 


111 


QVQSMVVG EVLKDI ETACK LLNI TA DPQDWS PONVQKWLLWTEHQYR LPPAGKAFQBLOG 


170 


Sbjct i 


171 


KELCAMS EEQPRQRA P LGGDVLHAH LDI WKSAA WMKERTS PGTLHYCASTSEEGVfTDGEV 


230 


Query: 


181 


KELCAMS EEQFRQRS P LGODVLHAH LDI WKSAA WMKERT SPG A I HYCASTS EESWTDSEV 


240 


Query i 


241 


DSSC9GQPIHLWQPLIXLLLKPHSYGRPIRWUJKEKGIFKIBDSA0VAKLWGI RKNRPAM 


300 






KELCAMSEEQFRQR+ PLGGDVLHAH LDI WKSAA WKKERTS PG ♦HYCASTSEE WTD EV 








DSSCSGQF I HLWQF LKELLLKPHSYORF I RWLNKEKG IPKI EDSAQVARLWG+ RKNRPAM 




Sbjct : 


171 


KELCAMSEEQFRQRA PLGGDVLHAH LDIWKSAA WMKERTS POT LHYCAST5 EEGWT DG EV 


230 


Sbjct i 


231 


DSSCSOQFIHLWOPLraLLLKFHSYGRFIRWLNKEKGI FKI BfcSAQVARLWGVRKNRPAM 


390 


Query: 


241 


DSSCSGQP IHLWQF LKELL LKPHSYGRF I RWLNXEKGI FKI EDS AQVARLWGI RKNRPAM 


300 


Query: 


301 


NYDKLS RSI RQYYKKGI I RKPDI SQR LVYQFVHPI 335 








DSSCSOQPIHLWQF LKELLLKPHSYORF I RWLNKBKGI FKI EDSAQVARLWG+ RKNRPAM 








NYDKLSRSI RQYYKKOI I RKPDI SQRLVYQFVH P + 




Sbjct t 


231 


DSSCSCQFIHU#gPLKELLLKPHSYGRFIRWLNK^^ 


290 


Sbjct: 


291 


NYDKLSRSI RQYYKKGI I RKP DI SQRLVYQFVHPV 325 




Query : 


301 


NYDKLSRS I RQYYKKGI I RKPDI SQR LVYQFVHP I 335 
NYDKLS RSI RQYYKKG 1 1 RKPDI SQRLVYQFVH P * 






unnamed protein product (Hue musculuoj 




Sbjct: 


291 


NYDKLSRSI RQYYKKOI I RKPDI SQR LVYQFVH PV 325 





Score ■ 598 bite (1524), Expect - *-169 

Identities - 2B7/335 (85%), Positives - 302/335 <B9%>, Gap* ■ 10/335 (2%) 

Query: 1 MGSASPGLSSVSPSHIXLPPDTVSRTOl^KAAAOAVOLEIUu^ 60 

MGSASPGLS+VSF LLL PD RTO EXAA+GA+G B+**WSPSPPATPEQGLSAFYL 
Sbjct: 1 MOSA S PGLSNVSPGCLLLF PDVA FRTOTEKAASGAMQPEKQEWS PSP PAT PEOGLSAFYL 60 

Query: 61 SYFDMLY P EDS SHAAKA PGASS REE PPEEPEQC PVI DSQA PAG5 LDLVPGGLT LEEHSLB 120 

SYF+M YP+DSSW AK P A + E+ PEEPEQCPVIDSQA G TL+EHSLE 

Sbjct: 61 SY FW- YPDDSSWVA KVPEARAGHDH PEEPEQCPVI DSQA SOSTLDEHS LE 110 

Query: 121 QVQSMWG EVLKDI ETACK LLNITA DPMDWS PSNVQKWLLWT EH QYR LP PM3KAFQELAG 180 

QVQSMWGEVLKDI ETA CK LLNITA DP DWSP NVQKWLLWTEHQYRLPP GKAFQEL G 
Sbjct: 111 QVQSMWGEVLKDI ETA CK LLNITA DPGDWS FKJNVQKWLLWT EHQYR LP P AGKAFQELGG 170 

Query t 181 KELCAMS EEQF RQRSPLGG DVLHAH LDI WKBAAWMKERTSPOA I HYCASTSEESWTDS EV 240 
KELCAHSEEQF RQR+ PLGGDVLHAH LDIWKSAAWKBRTSPG ♦HYCASTSEE WTD EV 



> q4406^ 84 Ets4 transcription factor [Strongylocentrotus purpura tu«) 
Length • 363 

Score - 175 bits (439), Expect * 2e-42 

Identities - 104/283 (36%), Positive* - 146/283 (50%). Gaps « 51/283 (18%) 

Query; 103 GSLDLVPGG LT LEEHS LEQVQSMWGEVLKDI ETACKLLNITADPMDWS P SNVQKWLLWT 162 

OS QQ + E +■ + *■++ E*+ DI C LN+ ♦ W+P ♦VQKWLL 

Sbjct: 80 GSTIQQQGGNQISEIEfJJEMMRLLMRQnPDILEDCHKUttJPNW 139 

Query: 163 EHQYRLP PMSKAFOELAGKELCAHS E33QPRQRS P LGGDVLHAH L DIWKSA 212 

+++ L * + Q L + + FR R+P GD+L++ + ♦ KS+ 

Sbjct: 140 ANRFELGB LEMGKFY INGPTLATLQDVDFRH RA PKCGDI LYSWCLLKSS I HFDVA PQW 199 

Query: 213 - - A WMKERTSPGAI HYCA - - - STSEESWTDSEVDS 242 

A P H+ STS + +S 

Sbjct: 200 TOQQMMFNIPQPSHFITGAPTTTMKPPKYTYTP\rePVATPGD 259 
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Query i 243 SCSOQP- 



— IH L**3F LKELL LKPHSYGRFI RWLNKEKGI FKI EDSAQVARLW 291 
P I LWQPLKELLL+P+SY IRW+++ +01 FKI EDS +VARLW 

Sbjct: 260 PA PSGPOTSMT PHHTOG IQLWQFLKELLLQPNSYSYCI RWI DRTQGI FKI EDSVEVAR LW 319 

Query: 292 GI RKNR PAMNYDKLSRS IRQYYKKGI I RKPDI SQRLVYQFVHP 334 

G+RKNRPAMNYDKLSRSIRQYY+KGI++K ++SQRLVYQPV P 
Sbjct: 320 OLRKNR PAMNYDKI^RS IRQYYRKGIMKKTEVSQRLVYQFVTP 362 



ItwytoGenomtcs 



Database: genpeptl37 

Posted date: Sep 11, 2003 11:22 AM 
Number of letter* in database: 474,463,515 
Number of sequence* in database: 1,534,369 

Lambda K H 

0.315 0.132 0.410 



Gapped 

Lambda K 1 
0.270 0.0470 



Matrixi BLOSUM62 

Gap Penalties: Existence: 11. Extension: 1 

Number of Hit* to DBi 357701212 

Number of Sequences: 1534369 

Number of extension*: 15704775 

Number of successful extensions i 40279 

Number of sequences better then 10.0: 412 

Number of KSP's better than 10.0 without gapping: 362 

Number of HSP'* successfully gapped in prelim te*t: 50 

Number of HSP' * that attempted gapping in prelim teat: 39494 

Number of HSP' ■ gapped (non-prelim) : 556 

length of query: 335 

length of database: 474,463,515 

effective HSP length: 56 

effective length of query: 279 

effective length of database: 388,538,851 

effective search space: 108402339429 

effective search space used: 108402339429 

T: 11 

A; 40 

XI: 16 ( 7.3 bits) 
X2: 3B (14.8 bits) 
X3t 64 (24,9 bits) 
SI i 41 (21.6 bits) 
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